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i aio 

D’to 

utu 1 p'jnn 'ni .mm n p’p’jn oji li nih puig .0^11319 t ■jd monj ttjun 
. m'jjn ■juj nuiurcm ''pin rw ddt? thdit p 1 ? ,n\niN iiDn 

: ~?j ~?m d^to^n 

(nnmn) 1 miN TNinn irann rerum narfrun 



nniNm "|tpd iniNi du 1 ? ^nnn mm Pinui m ‘pjfi *?ui murt} mipin im inr 
Dipnn li T pi itum pP .d^uj 'jjun ‘juj tq-'oP o^nn iirnnn im .nrain 

.360° IN 1WTI 2ir mni 
*33 11W - \ 

.T nmnn im iium tliu *?3niu pmn inr 
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mvm-f 


.n-’ju) i itum 'aiu *2301 P ■•dun nocn mi 
(nWrømO noimn- a 
.Pn nnsiu i mT 

V 1 

x = v • T = ^ T = f ir;,urran r 1 truirn 

(x = v - t) 

" 31 D 

P"31W 1TP .1 

•?ui ( “?ip *32 nTN .muujsmnn \wJ7 ’jnpm nuumnn nmrn 
nnaj itpdd ,mi3UJ9nnn rarnft d^i^t a^miN .cms ■>jun pmin uitt 
muui TiNn rw trann ynan mvn .minn jvep93 t *?u n ,, uuj 9 nn 
l3U39nn ■Jip P pi TP’JUJ TIN rODU) TU V^T? Ulinn TlNil .iUlUI TIN nETOS 
o'WMrt irroru nrrann nrrum mpm D’nunn imnn 'mm .Dnrron PdP 

.CJDlUil 


max min max min max min max 




.Yijn tiY? imn-'R T?n:i p*? ,p-»TL DTHuann dpn d^diini 
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p™inn dPi .2 


o’ 1 ?) toh .niumannn \\r?} -piNm mmmno nnunn o" 2 nn dPti 
•?33 oiiEnn 1 ? d^id 1 D"nnn d^j x-oip ,ir +12 ,hn *72 .o^mm-nopVN 

.‘j’yra 1211) tin p 1 ? ,p- , "Q D2i nino 
nuro “PDi ornann 1 ? ‘jid 1 *72 ^iiupo nopn t* *70 Tin nvran nu 1001 on 

.’iuraN 



.nr? ht d^djino iuin ■'OMn liopnni Poum iiopnn 22110 uuo-nopTN mui 
.o^DiiNn o^in nonr? ("iin 2 UPp":nNi) 2 upT in - *) D’innn ovwn iin 
dPj lui unnn nirn 

pmoi t 10T :o’inmn om Tui ircpro nti Tin nosiu ,oiron pin *)T oui 9 no T2 

y = A • sin (wt + kx) = A • sin ( 27 tft * ^? 2 n IINllttlD .x 

niNuo f niTin Tin mnmo X *72 piN ,mnNT nnN ni’ioo 1211) Ti iujni 
oipo mnmo DNnrm (v = X • f ) v Tin nrpno mnmo X orrno nNSim .mmp 

n m->2iD oipo (mim x) ooim oom nXi ioiTd .( n =| ■) n lomn Tm nT2m 

.D10D21N mrrra Ti piN nioT T2ipo pTi ,ino omp iin *72 .mim Nin 

1Å = 10- 10 m 
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D^DIB D^J 

•jjn minn *333 .vinN Nan 3an nu masn Nin mm ym ,*3iamm nmn 3a n« 
nN nr onn3 in pm3 n^ia 1 nm Nan 3an nu nannn mim 3an .180° a I9nnn 
:nih m3an niu pirTT3 'Nin .rrannn imna nvn3 inn na minn .nr 

,3a ‘•dun ’sn n3ia "oon3 miiu m^nn tun - 

*73 ."mnm" ina u’N-n ir3am rnuigNn nrrran mnn 3an ninura nm mpra 

.nms nnijjft mg rrrrann iirnn 3U) mipj 




L = ^ (n = 3) 

L = 2X (n = 4) 

yi = A • sin (wt + kx) :t?in 3a 

y 2 = A • sin (wt - kx) :Hf 3a 

yr = Yi + y2 = A • [ sin (wt +kx) + sin (wt - kx) ] = 

„ A . wt + kx +wt - kx wt + kx - wt + kx _ 

= 2A • sin-2- cos —-~2- 

= 2A • sin 2wft • cos^ iTtnU 'U 

mm - * 3u msrøsai T nurnna nrtn imm 3an momann nrpnniu iT3in3 inn 

v = Æ p 1™n 
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m'm ni’io 


n"n 10 nt Pan ninura on lnNiiam dn man .t’inq oipnn ^Ptntoipd Da .1 

.irn 5 iPiu Dan iiini io Hz miTin 

lninorai mnupPra o. 1 ninnn inr .nnui/n 450 nt otq Dan nrrnn .2 

? Dan nNiiura Tn .tro 2 

TPN DTH! ODiun y = 0.8 • sin (120-Jtt - -jp ) Dan nNlllun ■*9'? .3 

.Dan TI 1 N ,N 
.Dan niTin .2 
.urnn im .a 
.ninura .i 
.Dan niTnn .n 

nNirani mnN nmoP nnN nnon uro 6583 Å Da itn Din hin Da .4 
.Pan irrrnim nmiu nnn inn nuur . 0.5064 fim P iDui Da itn run tun 
miTin dn »pn *?uj "jan itn fin iujit .nniu/n 330 nt tindi Pipn niTnn .5 

.50 Hz 

:nN nam . y = 1.3 • sin (6283x - I57it) nti lnNnumi dtu oipno Da .6 

.Dan mnum .n 
.Pan itn .2 
.Pan Pumrnnn im .a 

loo Hz miTini n"n 5 Nin Pan -piN ,n"o 2.4 nt Pan Poj nnm ninura .7 
t = o inntu unv.npiui 3 nnN ’o 150 ud Nin hund Pan ninura nN num 

.inDiin hn Pmnn Pa x = o Dipra 

0.45 Nin Pan itn .’n o.8 iram nt Pan nmum x = o mpm t = o ion .8 
dn niTnn 2.28 nnN Pan ranum nnn nn .52 fise c Nin nmnn inn n H o 

? nnunn nDnnnn ’n 2.5 i N^m Nin 

dn Pan itn inn .’n i n^ut nmumP man 500 Hz nnnn Pmmpnn Pa .9 
1 1 = o hund .n"u 55.8 ininoini x = n"o 70 P raan Pan mnui 8 nnN 

? iNm 7r raPnnn D9in ,A = o Pan mnara x = o 
ninura .180° ‘•nPnnn lrøinn x = o Diprai t = o inn nunnP PTnn Pa .10 
nviupDra 32 nnN .n H n 850 Nin Pan itn ,n"o 3 nt Pan Dtu nmra 
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? 'jan ■Jin annnn im inn .n"D 2 7 nman mmum x =’d 2.83 
■*id oapnnn 7a7 ■an'? up 7a nr>N .y = 2 sin (287 t - 1.4 x) Dipnn 'ja .11 
.mn imnn 7an nNiitun tin man ? D^mu o’7a nsavui 
yi = 0.15 sin (5.5 x ■- 230 1) :n7N niNinun ^joa n’7a ~*3U) coiasa .12 
y2 = 0.15 sin (5.5 x - 230 t) 

:iin aum .unn 7a asn o^an uusran nNsina 
.unnn ^an nNiitun .n 
. i7ti) 'jan yiiN .3 
.*?an miainann niTnn .a 
.miann .1 

umtu Ninuj ■•J97 nmui 3 2 naaan 7 i 7s nmim naaan i d9‘j itin aapn din .13 
n»a\y/n 330 tint 7ipn mT*nn dn na79a 7ipn niT'nn ’nn .t'inq 7 v jh 

.oiNnn ’n 1068 pmm nNsni raaam 

mmia nraupT'n) 5 auim *|ut m7m nrran on oma 7ipn niT'nn aiun .14 

.’n 7.175 'ja iaiN7 

U9innui .'jan nmpi tud y 2 pnann on ni79a *jipn '•‘ja 7to niTin atun .15 
.nntu/n 5000 N’n ni79a 7ipn niT'nn /n 1.54 Nin ,90° Nin -p-ra 
innnn dn ,n"o 25 pmm niNsnan ,*jan nmpa '•ntu ya 09in un9n aum .16 

.now/n 340 N’n 7an niTnm 680 Hz 

■jan niT'nn .n"o 40 Nin ,amna auun ,imu 7a 7tu o’nnu nu) ya pmn .17 

? miTin ■•nn .nniu/n 340 N-'n 

7ipn niT'nn ? ctfj T>iNn tud Nin hund 7ip 7ui 7a tun nantun nna 'v .18 

.nniu/n 1480 - irna ,nntu/n 340 TiNa 
dn 7an 7ui nmpj ■•niu niNsm pmn ni’Na .notu/n 1450 o-’na 7ipn nn^nn .19 
? 725 Hz N’n 7an nrrnni -ppaa ir ypra 09inn uran 
N’n itinh nT'n 1 7u an->nn m9->9S .a"p 0.5 n7ipuin t 7u amn D-'nmn .20 
amnm ’n 1.48 pnana o-'oiap amn 7tu vmsp ntu .’n/a w p 25 • io~ 6 
7 7"an D’Njna mmi) 0’7a rarr" dnh .604 Hz nrnna aannn 
lasiT" nin napm ond ,n "0 37 7 nrnipn mim amnn iaiN nN ontun .21 

7 D’imu D^a 

laiNn irr»ip 7u amnn nm^s .n"o 55 pnana onrap amnn 7ui rmsp ntu .22 
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jtqtd nDipiun itn .50 Hz røn mnun Dui nimn ,’n/j"p 3 • 10 -5 røn 

7 onmu oPj tbp 1 ? nD inraD niupp id 1 
mniD nr* *2U nnm ,’n/J"P 0.00006 piNn nnn 1 Du n^gs Dm ,Hra .23 
nrran nmn .o-'Dj nun i sm Dj ,n*?ui dj ,23 nn Dw nmnn nnrøD oniuj 
? nmnnn mniD nnn .n n o 60 røn uran pirø 100 Hz røn uran 
niD t Du nnru ,’n/j"p 0.00002 i tin nnn 1 Du Dm ,ura .24 

? irrrn isnn Din nrrnn i nn ,D"ip 2 

irønn tin unnra nra ni ’n 1 pmm D’uinp uran Du» inrøp moi .25 
iiun .nrapn yin nms nnipj min up hund imo Dj min 50 Hz nmnn 
.D"j 8 lmirnn on piNn npn 1 Do uran niEPau tin 
Dj piN Dm imo Dj duo pi ,DJ"p 0.01 tud do imnn tin OTimn .26 
nmn ■•nn .’n/j"p 3 • 10- 5 røn piN irrnr Do uran ni9‘ , 3s .n"o 45 

? Djn 

mND ht nra o^Dnn .Ai Dj piN ■•Dm D’imu d’Dj d 1 !^ 1 onon uran .27 
nniN .nnrnn niD iniN o^uan .2 ’9 nDm piN niTi 1 Du ni9‘ , 93 Dm 
on ? imu Dj Duj Dj i tin mnur dno .imnn piN iniN o’tnuiot niTin 

? unn ,nd on ? nnn ’9 ,p 

7 unp inuij idtin dn .imm imun Djn mT'nn mnuD inn t’n .28 
nmn oimn .f nmm 1 piN Dud ,f niD v p Du mnnn ,irra mnra .29 
,nD dn ? nnn ■•9 ,p on ? Djn niTnn mniun ond .2 ■•9 mup ,mnND 

? unn 

ot Dd hun ,010 i t Du nnDjnn nnN nNunn" :yiDp mD i 9 ’o inrønnn .30 
,piD Dunm oio Dnm nnN 009 .lormrø utDj yn nDura nmu nno 
nTon nN dittod inr Dp nuDU) upjm Nin ,nmion niTnnD unn hund 

.nu9inn nN mon ".d ii Dj nmpu iinujj nD minrø 
jmsD nip 1 nn .nuiu/n"p 160^200 røn mran Din jtod Diman dj niTnn .31 

? nrøn nirnnnn uon nnnn on 


9 



2J3T3 


hk *iui muom 

hct imnn 2. i 

■*9 , 7 nimpnn nunnn .umn unn p“?n ,ira-QD mm yi ‘mn rui9 ni« hund 

munnn ■'pin nui 

.nupn lnwi □■'nstm nirrøn mptf7 -pm mimnn inpn ,ni)Ji9n ppn .n 
nuji9n ppn pi mn w-nmian mr) .mim in nunnn min nm^n miT .2 
.(-[iNn pn numnn yipn vi mn w - nunnn nm ;nir;iDn mptf? iiNn pn 



unmoin 

: nunnn ni)9ira tmaraN irunrruj 
m 1 ?™ trpnm nmn .2 npu .1 



mm ir?n pipn *?ui im -t s = v • | 
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nMii mmni nrio 


hd ,nuH9n mi? tin mimD ur nnDD .rvnurn nmnn 30° n nuji 9 dtn pp .32 
? 10° d Dun mTmnn ppn yai nuji9n ppn ya nninaj 
nnDD ,’iftnnn nxnn noNun nnnan ppm /? it'ttd ronnn iin omn dn .33 

noun minn nDin ? nnninn mu mnoin 

n«nn □‘‘(iD up inDTiun mD nm irND .36° it'ttd itiDtuo nujT 9 umiun pp .34 
? hin DiDonD mnrmn ppn DiDon hn nuur? hd ,nuiurn 
nnND J11IDT9 DTN pp .TT*7 TT 90°>a IT’TTD HTKHT1] irPDTUPn ITTNDn -«nai .35 
■’nuj ■’dttn mTmnn ppn inD nnmon ppn in n'irn nn .i it'ttd irmnn 

7 i nun9n IT'TTD miDn NH END 7 TTTITTin 
.n"D 60 T?UJ DXO piN .DTTTD 019 TD "[llNn DUHD N3m n"0 80 “[TIND DpO .36 
Tnn .n"u 20 mn unnn Dsn piN ,n"o 40 d oi 9 D Dpnn itn onnpn oiund 

7 0190 *?UJ 10911 

DupnD nn« nmnD nuDT 9 din pp .ir'? tt 30° it'ttd niNsru nimn mui .37 
? iminnn dd httn Nun wn mn tpiq .nruun nmnD 
nmnn nrrann DD;a .••niuDD it'ttd nmnD mwi9 T>pn Du oi 9 n din pp .38 
i nn .62° nh unnn dsod minnn ih .mDirnnn nDsnn 20° d iiDDTnon 

? rannn dtd’o nsD ppn Duj non9n noi 
.nmion it'ttd mannn titind itudt9 tin pp .ttD tt titditno nimn vuu .39 
Dd hid nuDT9n ppD nDnpn nNur ,nvnnn mum mimnn ,ppnuj mm 

.nun9n mm 

UP p9TN HlD TCTT TT’ND .40° IT'TTD DIN D911 VDUT UDUT3 TT1TD inDlU) DU .40 

? 1 p9TN dpdtid ,UDiannn mTmnn ,ppn m ittdD hd »rrrnupn nmn ohjD 
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Tran imai 2.2 

pran .nntun nr^ hid linn p*?n piano ’jiuj pi *maa jjjt 9 hin hund 
* 703 .mniun oa nano ■jdi iwn nrrnn ,nnu) irn nano P 3 lu) n^naiN manum 

.mr mup iwn mTnn mr nPna man^m 
-p-n) .pn nmtf? nmim ranra und ilt* nn3 n "wnn n - nTarøn oipn 

(DipNi ,Twn pn Tan 


(c = nouj/n 3*io 8 > pna TiNn mTnn - c hund 
nmion nanoa nnn niTnn - v 

.mauu pipn ,mmun 03 nonn nano pra ppn Plon ,niTnnn nrara nNsim 
.mr ppm nnn mnum ,inr Pia ration "sui mnum nipniu *733 
: irmuj manoa mniun mipn lin niNnan pm 


TIN 

D^n 

PmaPN 

IDID 

nniDT 

rPDlDT 

ymp 

DV77V 





pip 

nr*7D 



i 

1.33 

1.361 

1.348 

1517 

1.65 

1.458 

2.4 


: mntun w 

.Tiiipn iniN3 D'wxnj niraan mpn 1 ? p«i maun pp ,noaia pp .i 
mu * 7 ui oiro *70 miujNi nanu *?ui mniun Dipn "ain *233 : (Sneli) pd pin .2 
nTiiun mr ■?qj oiro ■?o nou) nano Piu mnum Dipn *?uj Pod 1 ? mim niraan 


ni • sini = n 2 ■ sinr 


niraan miT - i -incident 
niniun mil - r - refracted 
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reerm n-"nu9 iraou nti ,nTrapn nuai au jv-ttVp -p-r rraiu tin i~ip hund 
ruun n^m^n mm rp-frn hun ,x nmcn nuun du mprin rftftutf? "?-apn3 


.i ppn ‘jui nirvæn 
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mujn 


,60° moin iNU nni9J .rmum ‘pid d-*jiu) ronn o-'iunnum d"U91n pram 
rcrøriiwn) irros 1 ? iniN 'jsd'? in 'mpnn ‘pi'punnt] D^np mur) 1 ? nTpon 

.("TiNn 



■mpnn , ?i , ?unnr) ppn ir»m) - <8 
(ii - ri) + (r 2 - i 2 ) - Pram PTT 

,ii niræn n^iT nN nrnra *ru dn 
isn 1 ? m “pqn ,r 2 rws’n irn mn 
.ii' |l ?n i rn rruq *?u) isn Nipjn piun 
r 2 pit ,nN*2n ii naiv? -pumi dn 
:n^pnn Pprrrn puo "?ui asm .)upn 

mojnn ■joj iunip n’ir - A 
p'pprnn muun pit - 8 
momn “paj nruun mpnn 



nnrm iimu lui znupii 
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Dnungp ,iwn nygi 2.3 

PP Dipn DDin ram tin P-otin *?ui npun .nrnm-rrap'PN nnp Nin hin 
■? ra tin .nnui Må'? D’Nnn ni Dinra P piN p . 0.8 m 0.4 fim n :ind 
.( irara ras - umra ,-tttn -mn) mm-omn *npj in« ras 
tuud ni .D’ras U9N inr (nuur) nmu tin ,D-*rasn P *?uj piN iht p 1 ? tin 
ra 33uui moro pi -niu p*? tin hund niurj n 1 ?^ ruiajNTi uun nrain 

(n = £) imra ti 1 ? mraui oipn .na mm - n^ras 1 ? P9nn Nin ,D i-, n]j9 

nnnn .(v = x • f) P ymn mnn nrura und nrmm ,v nnTini up 
nron'inwi mnum P piN pn ,inrrN nruo*? mm mnum nrN f nmpn 

.nrrnnn 

nn (Cjiuj o’ras ran nniu rarau nniNi mraui mpnai iran pin mNironnn 

.lraraitf? pp tind m^nn 1 ? rau 


n 

1.546 

1.553 

1.52 

1.517 

1.514 

X(Å) 

3610 

4340 

5890 

6560 

7680 


nraiDT -UP n = f (X) 

.D->rasn “?uj Pn ranNH ’Y?n Nin ra ,urap nnup9D3 o^rasn ud 
.“jijd pinu ,npn ,piT ,mns ,Diro ,miN : D^rasn ud 
.X = 4500 Å - ‘J130 TIN ^UJl X = 7500 Å - DUN TIN ’?U) P piN 

.Dnup9Dn pipni p murarm nraunupoui nraipunup9o 
7 - ranp pun uv unu tin ir iti Pj 


0.4 fim 0.8 fim 


:n- , 9ipuni3pgun urrn 1 tu 
.Duiai aranin *?id Tro pm nuup 

p-’N o^mip nsim urmpaun tPi pirn pran uunn tin DPs 9 n ,nnnY? 
nm-’-’piu uraiu-’n uranum m umiun P naro p .nm pim D’Nsni raimn 
.mnu) - "DiPn" du) P "DiPn" n iNnpui unn u insti ni du itt’ yiNn tipi 

.fiNn tipi u imN iNsn pn utn'? pn 
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nnn irpimii nnn 

.(1.3 DT 7UJ n) DTT TIND milU TIN pp HUND 32° NT iUrøn miT .41 

? ppn *?u) nTiiun tit Tn 

.27° - frraiun n-m (n =2.4) oiTmT (n = 1.5) nTiDTn rmiu tn pp .42 

? nuT9n mn Tn 

miDTilD DNHT 1 NT HUND .IT'TISn 1311H pi DT 01 DT nOlDl TN pp .43 
? mniun mn td .20° nt nu^an mir (n = 1.3) dtT (n=i.5) 
mira rram] nt dtT nnn dnst 1 tin pp hund .n-'n -pnD nhju d r?m .44 

? nuTEin rv'iT Tin .75° 

nuTøn mn ipnd .n mTiu mpn 7 ud min yai tin vi tidjd uji9 tn .45 
7 ITT ir niDiiNn nrnn jrouun ppm mminn ppnui vnn n^pn - ’ 

.28° nmian tit .40° u»nn mn n7un niuTnun muitn huj® tn pp .46+ 

. 1.5 Nin moinn Tui htiid mpn 
? moinnn Nun pp mn ipnd .n 
7 mpnn Ti7onnn rnuun imr td .n 

pnn pi noiDi tn pp . 1.48 mnui mpn tud min mimu nimn .47 ^ 
Tui uiNDii tit .55° min nnum pnnn dnsv miTOJ tid tttni irnsn 

.60° nt moinn 
7 muim nu^an rnir Tn .n 
? mpnn TiTunnn ppn Tui mnun tit Tn .1- 
n"D 5 nmiTn ti u .60° nnn niTnpn nn9i du dtiTd nmi 9 tn pp .48 
TTiTnn nnNTT ppn tud Dum .1.5 mTion mpm 
prnnn Tid niTiun mpn .40° nt niTTpn nnai nu mmTD nuT9n ini .49 
7 n~n 8 ppn it’du dn nTiTn tiu inn .1.45 nt ,nTiTn rrnuu nnn 
Nsm pmu ni’ND .di nNn Nin ’n 1.5 pmuD .40° ti i itd ddnd TDnon nn .50-4 

7 rnuunT mn 

.1.26 nTDiu mpn Tud ttu du nNTn ,nniDD did tuj rnnnm Num udud .51 * 
nt pmu dpnd .60° min ununn Tu TDnon din .n w o 40 didd Trnn nan 

? ununn nN unii 

nPND .n, < n 2 UJ ID niDTO TUJ VD TlDDD nUD19 TN pp D^NDH D’TTSD .52 

7 iiDi Nin ppn pnn ira 
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’npnn nmmn ppn nmu (n = 1.3 ) dt7 nmmin tn pp 7uj mura .53 

.32 0 nt nuran nm .8°3 
? 7Tm muffin imr mn .n 
? m mpm rcDDTn *7ui mm tun Dipn nN tutt .2 
n£Pun pra mnrra ,rratu] ,e - 50° rnn 7ru naTi nima tn pp .54 * 
.120° nt nNHvn ppn pji rauian ppn pn nu .nniu mmoj nn« nNHm 


.naTn 70) immun Dipn num 



uJNin mm niu7i(un mis id 1 ,2.4 mmui tnpn n7ia ,di7t nnum ,mo:in7 
iraun ,n‘*aiun pn7 numn ,mmnn pra piNna nuna tn pp .22° nt 
.nNurn ppn pn nmian ppn pa mim nN aum .ntnnn nNimi 
iin iNnn munn hpn .tn nip mum nmu tin nira rercru ur pra 

7 njmj mm DTipn pnn 


.55 


.56 


£> 3 ^< 




ti 2 3 1 

pptn imn 7tu npi mitra noisn 1.5 i7tu mmum mpntu nrjDin nin m7 . 57 * 
niDUQ piNm 1H19 TIN} 6000 Å 7J piN 7in TN .2.5 nTTU Dipn 7D1 
mmu .n :pra raim 7"jn tnd 7uj 7j piNi nrnn unn .u 
.iraum m7 .3 


tn pp .’n 1.2 Nin DiNn pnm .mnunn nNin nNsm dinh rnupipi .58 
dn mm Nnn ppn nuran mpnn pnin mva .30° ira dth nan nmia 

7 1.3 dtd 7tu mntun Dipn 

5 mm7n 'nu .iitn m mmn7 to dtuj nftopn nuai dd mm7 7u .59*■ 
•mm nNsri 'lTunn mrmn ,nii(uj ,30° mi mnTO mora pp .n n o 
nPmun Dipn inn .n"D 2.5 Nin nnNm nnpn ppn nom nnpj pn pmn 

7 mm7n 7tu 

:0Nnn3 p7tu matun Tipn .in -1 mpmn niPopn nn 9 i ou nrni7 vitu .60^ 
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mun ■piNm nrTN inntUND n^TiPD minn n’nnp tiuj .n 2 = 1.7 ,m = 1.4 
4 nnuiNDn irm7n *70) niun .marntun in*?ui nir;i9n nrnpitu id 45° mn 

,n "0 7 - nntun 7un n"o 
? notun nTTi7n hiin mnpnn niiN 7 d 7uj nNTSH mi nn .n 
? o’-'npn tud 7 tu nmpn nmpj yi pmnn inn .d 
nni mn ,60° (und n^iT ir?ra mora mur *?iu nnniu mpn dn Nisn7 hd .61 * 
? moran 7 tu nnntun mpn inn .51° nhi mTirro T'oo 7tu 
mn 1.44 nnnui mpn n7un nnuim o‘ , u)nniun ( n o9iN tiudr) oHidinod .62 -* t 
? nnoinn nniN 7tu tuNnn mr nn .22° m'nrrn tud 


DTiuggDjL irmn 

,n K = 1.4248 :on nnuinn nmn7 7uo dtni an« din 7uj nnntu ■■mpn .63 
13 J 19 p7 DIN .n"0 10 1373 7D -[TIN ,111073 miU) nDDinn ,n D = 1.4467 
.nruun u7sd Dinop9un piN ium .50° mn o7sn TDnni 
nNsinDi ns pio pi dun tin r7u irmpn .1019 ono 7u min nmDT TIT? .64 
7n DTDpm piT 1 ? dun din Dipn onHnn .1019 odo 7d nDipi n7npnn 
did y"3 .Dins din*? din nipn onHirn pn dttn7 .mi nniND nmp] nniN 

.pm .1019 odd 7u nrimsn nmpin 

DIN 7tU nD’DU) Dipm nu = 1.51 N10 ITDIDTD 01DN DIN 7(U nDHID DDpn .65 
.■pncinn D1DNH DTNil niDHn 07112 OODD DUJn .n 0 =1.53 7120 
inn .Donni 442 dtddi Donni 590 Nin pna mnins D^np 7 uj 72 piN .66 

7 Dm lins din 7uj nnntun mpn 

oitu 1 ."Dio" mpn 1 nrniNDi "pisn" niniDN nrniND oiuid p7 d 11 ! 7d .67 
"ynsn" NiDp7 HD ,tunntun7 tu 1 do7h nrND .pnn didn dho 7 i 9 mtu 

7 nnain n7n7 irann do 7 i 9 nrNi 
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nnm mrnni rnnna jmr 2.4 

.mini mmn '?□ inp'n D"m n'n d'tudo :<v?no tna m Nartf? inpi 
min mm i'nn m'iiun mu totid naiau*? inr naiDS nyion und inuna 
,90° *? miai m'iron mini ,istf? ipu ,nD'J9n mi tin V>ijj on .r > i mrjon 
.mrnm rrnuu ya '‘ral nyn inr .mrion huj pi 'rap yipm iraun pp N"i 

.jrømp mi nNipi nirjan mu m ijmi 
.90° N'n m'iiun n’u hund pirisn mr 'nu - n'O'ip nm 
N*7N nniun ni'iiP Nyn n 1 ?! niu'n tfjppn ,roj'i9n h'it tin yun*? -ptunj on 
,- imiPun nmn tinh 'd .mini mmn renpj mrainn .mmnn 'pin '9*? Tirnn 

.n'JTJN TQ'N Pi 
:mini minn! omin 'jbi 
i 11 i9n*? n 1 ?! mra n9i9y ni'itP inr n9i9y ni'iun nup yns tin .1 
.n'U'ipn mmn rfim nyn 1 ? ni'iy n»'J9n Ji'ir .2 



.nn 1 ion *?uj ni'iujn mpm n'Pn N'n .ni'iu*? oNnm N19N mniun n'O'ip n'ir 

mini mmni unn'm 
o'nr?n' .1 

.ind mop Tito mu'ipn mm p*? .ind ‘2111 Nin or?n' lui m'iam Dipn 

i c = 24.6° sini c = ^4 

n'ni nn9in oPn'n miDii mnii9n mnpn 
.nuinn mcp Pi mm' ,24.6° o ifira 
D"jipn m p’? ,iNn p'iin piNi mmin nmi o'iuoin oPn'n mi9i tin 
n^ o"npnuj nym .'ii'n pn N'n nNyinm pun pi'i'? niinn momn 

.inr pap pun ,pip nmmn 
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irnujn .2 

Å c = 42 ° ,n = 1.5 DN .IT’DIDT "Pil) n’U’Tp IT*!! lUjn 1 ? in 1 ] 
p^i ,irimp nnr 1 ? ’7un n"t ,45° i momn xpxm nujia r>p lrisftiD tpm 
90°2 n-*mpn nnr?N iin nuan*? nniu9N inn m .mm] mmn nujmnn 
niøNn nr tmudd .gipo’mii *nn mmm o-'umrujn iitn .mpnn ‘pi'punn 
.n’p’pisn ,nnjiT? ,n 9 T 3 nn uir rraa mpm D-wsEun »D’røra ni9u*? 



DT391N D’yo .3 

ind iup nuip ■ , ‘?m ,n‘ > iu i nj ,irai3r a^tun o^uin nn n^røiN urrn 
mi9in o i m]9 mm numn ,2'un lin 1 ? nomjn ,tw v*p ,(ioo -i- 50^m) 
mis'? nmn yipn y* mim mmn'? nmn Tium inspi nasn yen 
D’yo “piu niNVDjn nurnnn .‘?num ■•uin nmtfp tno iup imuNii tepni 
pn92 urr*9 .mn n’na'pu nnujpra wi w n mpn dh’p nnpn D^uaiN 

."ITM391N DTD" 



TIN Tipn 


'U 91 N 2 ’D 


TIN V?] 
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mim niTmn nrio 

— 

:n\nw mmn 7tu rntpip nm dwti .68 
n = 1.3 - D’D .N 

n = 1.5 - jtoidt .i 
n = 1.54 - fllip .2 
n = 2.4 - m7m .1 

,jitu7iiun moin mrjn irtm mipj irran t* 1 ! <p 7 d .69 
.d-'di’j nnnn jinoti mipjnrn id ,60° ujni nnr n7m 
m niNi7 vni) in 1 ] muinn conto pmn nrNi .n w u 8 mim mnin *?ui d7s 

.1.5 Nin moinn 7tu nTDiun Dipn ? mipin 
itu nrn7 rans nn .nuftimn mom mm inu) iot oY?rrn nu 1 ] nuun .7o 
19111 not n 7 ,Di7mn 19111 131N1H nuji9n ,ppuj m moinn *?ui tuNin 

.2.4 Nin oOmn *?ui nintu Dipn ? nntun 
.60° n*7iu uiNin nmm ,ntu7ium mran 7w idiid nuji9 ms D"np nm7N .71 
. niDim D-’mpn -pnn nN T"s .25° nu nir-røn mit 

25 j-±/\ ,niD]nnn nnT?Nn not nu ipndi i9ii tran itum 

^ .1.5 Nin mntun Dipn dn 

nrN i 11 * .(n 2 ) Dm7 (ni) nmun D^jip mun iNinn n’Nin nirunni .72 

.nurøN-iV?! Nin D’unn 




i 

V 

ni 

■ xi 


n 2 


n 2 


r si 

1 


\ J 


2 

i N 


n"uio 


n "02 



nm7imn mmn 7m omn ijindd iidjis iip .73 
nFi9n Dipn vi pmnn .60° idni jftt n7ia 
muinn d7s .n"u 2 Nin nNnw npnp vil 
not npnpnn pmn nrNi lum .n w o io nniu 
.1.6 Nin muinn itu mntu mpn .muinnn pp 

.n’DiDT mo num nn ’U3iN itu .74 
mmn ntumnn innnm •Jimtu p 
nniu 7tu mntun mpn inn .mini 
Vinin 7ui nTitun mpn dn ,irirun 
nnnn 7nn mmi9 n^npi i. 65 Nin 

7 60° min 

(ni)vmi 

nnngn im nn .1.6 n7tn mniun mpn ,45° Nn main 7to ujni nm .75 
? nntun i9im in not ,nnN i9in numon ,hn ppm ni nnimn 


(n 2 )pnrn 
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dn num .40° N’n ytn ■?iu irtPip mir .inN 1 ? ruin iwsv tind nnT?N .76 

.fro iira tind niT*nn 

.56° iurjsn nu dn tW? (n = 1.3) wm muni mmpn Y?nn fin trenai .77 
mn nVjn 1 ‘?ui nTntun mpn .mn iinm mm nrjn 1 '?id munp nnr num .78 

.1.3 O’n 'jun 2.4 

nnnn mo 26 pmun hin Tipn Nxni ,1.64 nTnu) mpn lin ■7111 nu irnnn .79 
.Iran ns lu tind *?ui Unnn nuui riN nam .Iran m'? 
lu iNinn num ra* mm hin mpn irnupipl lmn djn pmu Tnnl nn .80 
pmu inn .1.3 mnn ^ui mmun Dipn .i"n 285 nnai mn 1 nuiun ,mnn ns 

? D3Nil 

nmxn pvm in .mupipn imnn unun nnn nmnn nu nnm um .n .81 
inn ,n"D 12 mnnnn mip .rnnnnnn n"o 8 iu pi ununn dn m*nl iidsn 

? nomnn “?ui nmniun mpn 
iu .om nuln tin nmipn nlNunu) ul nnrn did 1 ? unun unnun .n 

? ununn tin niNil iojsn rrrv nna nral 



TINil niP'il 2.5 


Twn nrnjNn p*?n tot*) ,]Tnj TiNnn pTO <yipiu tout in hn iraun “?dq 
n» “?u ni) v ?3n jtn DT^Nn .nuiun pynT mim nn nimn ttttn .mn 1 ? i9in 

F 

,TOinnn hn’s 1 nnN unti iuiu - f hund t = - nnun mpn 
.totiu luign Twn iuw - ø 



nju-unn 1 ? pira D’umnum ,imnnn Nsrn nNn nnsiu hn auiTrt md 
I = i 0 • e“ rf 


mim iwen tinti menu - \ Q hun:) 
n ITwn ■>T3n hun my'n mpn - a 
totttti mn - d 

tn »innn hnij « = f(A) inn n^nM 1 ? .n'pan tn in mm pra a ’p'pd itq 
. ni9‘ , paj *?uj ototttti mon iNn n^in rum *?ui dtoittii mor 
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TiMii aura 2.6 


nPN mPa .->uian-nupPN muj Piu nmn Dnupmann pap ppn pi mnnn TiN-Pa 
\tn mmpnnn pra .Pan mmpnn praP ns 1 ] pran Dminn om -piN Pa nn 

mum nupn m Pia nmnn 


*nupn 

mum 



pra 
•jan mmpnn 


oPim ir]ira «purNn oTnann uun mPa <purMn nnnmn nP^an hn nmPN 
Pnn nnmpn in nnmpn mPn Nm tintd nmPN ."jan mmpnn pra*? irmra 
••P 9 -W murnn ,nnanP) ittn nurnn pn uiuann tin dn p inn .nniurnn 

tip nmpn Nip] nn tin ,(mPn 




: mmpn •’aio 

'arm pro pin yn mn iP^nd mN norm mann *?a - mp .n 

Ej/ | 

6 = 90 ° 


MA 


nupnP piNn Pnum mm nupn nuiNn mPNT 90 misn mann Pa - Paun .n 
hund pannn na Pipw mnpn .Pan mmpnn irraP mnaiNn nmaun ■’uaan muj 
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.omupn ntu pi ram ungn mu w e jrnr 


I31U23 mirai 

prai Dmunnn d^j d’tidb iidn onmn dtup uim . ppupn mmrm .1 
nPion n 1 ? oiNn pu .oddpd D’Nipj ipni onmn .d^u 1 ?!] D’Pn tit*! dpdo 
aopm umnunl op ,iuipn hn dn dip? ni p 1 ? poiptf? Pn nu pi prim! 
dn ;dtt w nNn tn ,TtNii nurp tiupip ■jnpn y?uj nippn nupn dn .ntu 
TDn tdu’ n*? TiNn tn »TIND itu iwpn Tiuptf7 pram lupnn Ptu nuppn nurn 



.~nuu unn pPm umn und p pin tin nun9 Pi .100111 nm musriNi .2 
nnuipn rn 1 nirnra ppi rniuu pp nnpui r?tun nung ipit min Pi 1 ? 
miunn ppn pi tfit nT mpm . iuoui titt jiNipi tint tptt .ddjind omarni 



u’n uran TiNn dn .nmu W? luuni nnr itun”? pn mDiun Dipn ■>9'? 


pvn luipn uran lwn dn Pn .iirrnn isnn tin juni 1 ? in 1 ] n 1 ? ,iuipn 
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.ton mnn umnn iiNn nnsim nupn iniNn nuipn irer nunn tinfi , trion 

.(iw?n mnun) 

ni nm ipn Dn'JU) ‘■muNn mnnniu D’iiraj ojup .iftinn mnui musuNn .3 
.nnip n’ji rv , n‘2n moro ■?iu mis ur orftiu inn 1 ? nnV?n ,doiui ovnn 

ovnnn lmTim j’iin in min tin hund 
nujøn ppn m'XHnrf? min m .roiui - omui 
n‘7 1 J1 pp - ordinary - o IDVHp TUD 1 ? 
ni 1 !!! pp - extraordinary - e 

”e" pp nn*?i no pin o^pnn "o" pp n;ft 
nY?npn p nvnpn tiui urann -pra .D^pnn n^ 
nnn 1 ? nnj 1 ”o w pp nno urnan ninn .ii'? it 
. oniiNn nn o^mpn nui ‘puj mu^pn murn .”o" pp nno ”e" pp 




(Malus) Pl^n gin 



murn yn n^um hjiejh und nnsmn ivTjn unupn nui pn mun iinh nnsin 

.nnupnn *?tii mvpn 

I = lo ♦ cos 2 « 

onupnn nnN nNn nnsiu - i iujnd 
nuamn iiNii nnsm - i 0 

mnn hinh nnsii) '•oiniu nupn nnN ,onupn nuiT7Uj nnini dn 
I = lo * cos 2 a • cos 2 /? 

i nupn 2 nupn i nupn 2 nupn 3 nupn 



:nr? ni nmiNn Dnupn niDNn 1 un 9 mpn 
I = lo • cos 2 90° = o 

munn o~ > unn- , ui 
.nniDpnn lim* .i 
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.TtT'Qjn dn udu)'?i ir v ?'7 nTn"? ir n 'j yipn muin mrppn nopo nrm .2 

Din’j'ti ,100% jroun nupD ,-røora mn nnuju ,-ir-o mgigtu ■jui mispn .3 

.Dno9n 

. uran-ren »TPig nrm ,nmni trim 1 !) npna .4 

.d^juid n^n TIM .5 


aiu^i nrio 


iujjo .tw imira n 1 ? d’djind D’jupn •juj i'irrmnN* nrain -mon .82 
i n*ra'u tin up - •nuftj rpin i up‘?u) jupn onTj D’niu 
mi] 40 nti nD^m nnmu dn »o’iupn '•jui nriN Twn nnsu) jin iitun .83 

.60° nti onTn mim 

.■•juin jupo*? 50° irrn ■ , iu' ,, ?Q) jupn dr*? o i 9' , oin .20° ir’un □•jupn •jid ya .84 
’J 9 " 7 Twn nnsiu •nr) .nru 2 wn o’jupnn niuVnun rarao nNn nænn 

? o-Qupnn 

jopn Tom - ? up n->ir ttnii .nunluj ^g nan nnsiu rw imin rmupn ^to .85 
? n^nlnnnn nænn 1 ? uim 4 "»g }upn nraiunio •u ^uj^u) 
,TiNn nnsiB Tir nnj •g .nrmnn Ni^n hn orraini o^Tupr) o'aupn •jiu .86 
? iicuMnn nuptf? 30° irin •up'puj jupn Dn\pj ottid dn 
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"næn nminjm iwaii 2.7 


.u^an niNn d:o rn nnra mumtun piNn nnrnn iwi nu9in 
•pj 1TW ■?(!) “pma nnon ind ns pnu yn nxiu mN hund nrepnn nepn 
ruin nmm ionn “au e'aiipn ,pnon nnisn *?s uipm ni nnpm .(0.5/mi) 
■ irmNnn nnnn renpi ti ruinn .■pamft iunm tin mmu in tro 9 :‘nna‘? 
.piun fin 'ipiu “?an ns pno "pn nnmmi “pan mn mmpnn ■'nu tinr mnnpnn 
.U3in irtn o^a wa 9 n n^pnn ,ionn *?n iran tin ntUND 
■71)1 mN - rnnmiP niN Nin mnnNnn rainn n’pnp'? ~*nnnn 'Nin 
imnuraN ' , mu nrif? roVD 1 irta uu 9 m .irap R 9 in un 9 n 
. nm nuiNnn - nn’piu max 2 DTuagj irta .n 
Tiomn mnnNnn - min 2 - ruin ,max 2 - nnN eiDagi e'pa .2 




nm nraNnn nomn RiniNnn 

irn 1 2 nnpra in ,(nmu v ?9nN mmn) nnr npin nTin niNn nnsiu ’n nnpm 

.(mmuODON men) lumr 
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it^ 3 **091 nur»j niinu 2.8 


.iT9 ■•091 "jiuvi nmao "juj mu9ira gom irwmn mpa nuaun tind maaNJin 
nuiu iujnd nup nr .air* misa '?‘?n uup omoujn ■’aui pa aujNa d'HSu tp 9 "*09 
.numn a->o np-na 1 ? n i unn‘ , (u ir9 mg totid p'? mm? mnuj n'i am* 



nuina uaig aw .o-^apn ogna D'noiu oid -wn’? poui p ,iNn mop mi - « 
pp 1 ? ■p’apna nsti iinnnn noiunn anno ,aaun ip“?m annn ip"?n :ivau 
nronmp p ,ruui9n nmaw nnwn ins 1 n’oap tiukii ppan .miujNan mimnn 
mpn • naam ppntu prr = iT'uaiN pa) .nrogi« omia uran uui 1 prra 
A = ab - adc :munna iNinn doii uran .(amnn ‘jid nTiiun 

a n 2 d • Siri r . , _ , 4 . 2d*n 

AB r^r — sini = 2 d • sini • tanr ADC = AD + DC = 

cus r cosr 


sin i = n • sinr j31TT '•9 1 ? 

sinr 


AB = 2 d•n 


cosr 




A = ADC - AB = 


2 d • n 2 d 


sin 2 r 


= 2 d ■ n - cos r 


cosr cosr 

*?u) o'piu agcn 1 ? nnui U9in uran nr?m o^np uran mn mn maaNnn 1 ? -røn 
.namn mau nn« aiDNa .□"jap oiid niuiagj mpa maauj ■juj napna .'ja naiN 

ip 1 ? .(180°) *?a ->sna pnnn uøin namn *?aa 


A = (m + i) • x - (aiN) mia maaNnn 1 ? -røn 

A = m • X - dunn) nuain maaNiin'? wn 
A = 2 d • n p*? ,D9N*J noNiw r noT Da ,awn mop anm nonu yrran 

2 d • n = (m + |) • x- aiN D9 :oNnna Tm maannn ^in 


2 d • n = m • x - "[ioin D9 
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nun n' , i‘?n hun ir9 ■'od tind un .in 1 ishi mutu p^tm n*? ittn ttuuj un 

y • sin a = X .d IDT) 



mo jr?m ,ttn idduj .irrmnpu *?m ,'i?D hin ttuuj hund msu nnn nmm 

.nun niDia - nnnNiin minu riTirt rarra ,iup 
minu - riom iunn did uro ,nf? ni mmu mnuiuntu mmpm jDim 

■iniTD*? lunn-niN 


(R-d) 2 + r 2 = R 2 
R 2 - 2 • R • d + r 2 = R 2 



.intd ]up Nin n - d mim 1 ? inu 
r = 2 • R • d 


r m um mn*? imi .9ipunp‘ , n yn ‘JDrmn’? up ,yiupj rmnu fin irm*? nu 
.manu *?uj uwn tprnn ir nminii .R nminpu iujtt'? ni ■ > 9 , ?i minu m “?tu 

."lunn ninu ^ai ovn - - m • R • x 
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„ W .n« - - «» 

_ hf = i » mm i, w 1*1 f. = hf im» »»i™ 3 ,3 

C ‘ , J 10 TO) THID ™» 11013 
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i ss srs 

WH .itnxi ** imw nps« nun niun 
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dd ,m9iN tud mnnpn 
:iD*? ,iwn nnnp p nmrn 
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u v R 


h 
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1NDD 
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.-»D^ui irn 1 v pmn ,nnnn mmn dn 
: yrarj nnom lunnumD nn DmBDD 
lpmn yai nsnn ya pmn - s hdnd 
ipmn yai mmn ya pmn - S’ 
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,-n * m™ », m^^mV m 

^ ^ «, „ * PTO , 


35 



m-irannn mmjm 'nomn w ( ” 
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■?d pip mm am 1 «! ,1?*? u 60 ° mm masrun »nvmurn mann mui pn. 102 
mruuann irnmn mm pn pmnn inn .mpmpnn ros pmnn mir nsm 
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7 mmn nnu inn .n 
.mmm mmpn yPnn uuniu .x 
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? nPninn mn .n 

,n"D 18 npm nPun nmup nannn n w u 10 pmnn asm ma nipn.ios 
7 ionn Pn mim na manP inn Dan .a 
? n"D 8 ain man mpn Piu unPn mn nu na mmn nu inn .n 
.mmn na y^gan .mmn mm du mmpn i'pnn na uunu) .3 
n"D 24 pmnn dsu asm n"D 12 npm nPun nmup nann na*? .109 

7 ni mpnn nPun mn .a 
.mnnn na pman .mmn mnn du trmpn T?nn na nuniu .n 
.namnn n"u 20 pmnn asm dsu .n"D 24 ain nmupn nannn ovnn.110 

7 mmn nasm na^a .a 
.D-’-’npn yPnn na uunun nma p’nan .n 

7 nPnnn mn .3 

pmnn mumn mm nnpnn nmup nannn n"0 12 pmnn asm dsu ninan.m 
? nannnn n w o 1 n nr nsun Da mmn mnn na^a .nmn n"D 24 
, nannnn n"u 18 n asmn ,nsunn Da nmupn nannn ovnn na niDn.112 
. nannn mnan n"D 28 pmnn nnun mnn nPnpnn 
7 VJ 9 na ain nam nsn .nmup nann ‘pib npinnn Pmn pmnn nmn Dna .a .113 

.mmn na nuniu 

7 V 39 Pui mmn mnuv nn ,nannn pm npinn pn mpnp mnn 1 ain Da .n 
.Dsunn 3 ‘■9 mup nasv nannn mm .n w u 180 ain nmupn nannn ovnn. 114 

7 nannn pm mmn pn pnnnn inn 

nuian .3 1 9 npnmn mm nPnpnn nmup nann nup Dsun Piu Dnun nsnn. 1 15 
pmn na num ,H = 2 am nPunn ,nannn in n"o 15 n nsnn na n-pmnn 

.nannn puj npinn 
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i ,n"u 30 Nin nmiip nN~m 7ui apinn pmn .117 


nPmm mumn nasr mm hund ,nN-mn pai uuun yi pmnn hn aam .n 

.4 '9 

.2 ■'9 rftanni nnrm n^r mmn hund ,auim mpn m aiun .a 

.Dnpnn nun mmpn T?nn tin uunu .3 
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7 uagn ma mn .n"u 2 mmn 7na .nNinn 
pmna nmnn rnnNn mau9i inaumnui p nnnp nNina mung mmpn .123 
pmna majJ9i inmainnui p nnT9nn mmpn mmn nnn .mnn n*u 95 



.nmnnn n"u 5 pmna Kam nuin n"u 8 Nm nnnp nNin 7 uj urn.124 

7 mm n7apnn ng-w .u 
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.D' n Jnpn T?nn ra* uuniu .3 

nvi o^trunnnn nr« .n*?iu ipinnn pap pmtn minp rann • 99 '? Nstu ohu .125 
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ipvnn diund .osunn 3 vt nVrtD n 1 m miup nNDtn nDipno mtunn mm .128 - 
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pmn nN iiun .2 ^ 131313 mop nnuiiH mim ,13" o 80 1 nNinnn ouun nN 

.nNinn dm ipinn 

pmn 5 mipn tin npn Nsm r om nDin nnup rmn "pai win tu Dij .129 

■•id ,nmupn nmn D' , ui*? uv nNinnn pmn nrNn .| r Nin nNinni s pn 
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nvimn pi pmnn hn num .r oml miion pmm p^o nNin ■•sn DT*im 
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.mumn mmn .n :on nNinn 
.nnnn mmn .2 
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omtu o n pmn nunDur? pDinn nmn pn miup nNin *701 ipin pn pmn.136 
Diu nvimn pn pmnn mn .din nmpn nrn munip mDnpnnn nmpni 

.r Nin nNinn om 7 nPN din nmpn 
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.nNinn om nN num .ipinn pmnn ^ mium pmm nNinn 

■nnN .n w o 50 ipinn pmn min miup nNim m3ni9 mrann o’nip .138 
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n"u 15 pTnrrn nmnnn n w o 20 pmm nNsmn ,mipn mougj in mmn 
'■?n iD-'oran 1 7 'H ,D-»npn mtujg] nn Tsnn pmn nria .n’Piu m 9 iNn Tsnn 
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osu nsdj nmnnn pmn nr*a..n*o 20 Nin nnnp rann *201 ipinn pmn.139 
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.niT 9 m nTDin :munu '•nu ’jqi mm 1 
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.main nunu iikt - nnxpa munn inr Pni nunun Tama 
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K S 


min Puj nnaui mpm omim ’iuj : nunun hk D’mNnn Dmu nunPiu duo 1 


.nunun 



,nnmP .ninu9iNna mim F niuiun nnmu ,anuna nra f ipinn pnm dm 
F = f = o^2 = 5 ° :nnui nnn nunun nnxiu ,n"u zo nnu) nunun apin 


: nmiun Pui anrppn PPa nur* 
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A 


main nunuP 
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Trap 

:mi9n nuny? 

.nn^cu dj ranpj mT9n nuny p 1 ? 
:mpin ya*? nunyn mmi nsy ^mn ya nr?n mann mon nnon 




nuny yai nsy ya pmn - u 
nuny yui mm ya pmn - v 
nunyn *?ui ipinn pmn - f 
.'•ii'pn - v ,nsyn njl nunyn 'juj nui isn nNsm mmn dn 
.PP iu - v ,Dsynuj is miNi rmpnn mmn dn 
,(nnnn dsd) myjien n-mipn nX2 nunyn ‘puj niun isn Nsni Dsyn dn 


s • S’ = f 2 


- u 

.nuny "an"? dj nain*? yrarj nnom lunniun 1 ? ]nn 



Jimn nonin mmn jvm 

■?di ipinn nurn *my wi ipin in .nmuirui diiid anpin ntu diup nuntf? 
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ra 1M9 hun ,norron irraui 1_ ittn muu 9 J imnpn ram nup] ‘‘nu - nurmn ipm 

.■’idn'i to9in ts 1 ? n^npn nnfJND 




u = f .2 

V = 00 


u > 2f .3 

:tr n np toid mnn mm irra »("jvinto" pi9 nai) rniup rwim tod 
. ipTOn in imuu N’n ^lutn TO91N tu 1 ? n^npri pp .n 
.*? r?tin inm rmiran ,iraan NV ,nunun tdto pi maiun ,pp .d 
( u > v ) . nrøpmi npian .mimro mm TVnpnn 
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.mmiro mm 
. mir? nnun npi9n 
(u = v) 



V = 2f 1NDH 
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.mmnn mm 
.nrrjmi roren 
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u<f .6 
nmr .nnrro mm 
.nTmm 
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mran nnma mmn iro 

mr ,ntmn T>nn nPapim mmn .’P^uj Nin mi9n nunu *?ui ipinn prim 

.mupim 

:nnnp nfrnm lm mmn jin mm 
.ipinnn nNm N’nuj Y^nd irauu wn ,'ujni ’ustn ts 1 ? P^pm nujra pp .n 

.iraujj nP nunun TDin pi pp .2 
imam nmin mm mani minw piN mmuinn un »imrann mmpnm iimn 

.( v ? v ?iu - v ) tmnpn •'auran Puj 
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•»mm 1 P 9 iN Ta lu ranin gsun lui mmn imn 



.irauu nrN it pp / ‘ , oiNn ‘‘U 91 N th p 1 ? nuurann pp .u 

.mur?:) pira pp .2 

-pmnn nnpj .miron pp 1 ? Tipnn ,mujn ■>U 91 N ts ntuiun mn pi irami 
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.mm tut* 


miuiun nnuni mm n"ii 

.nran norm 1 ? dsu mmn nrniu P •'in« mm ,munu nniura n-'ronnron irora 
*?uj 'piptu ipin oprom ,pnp D^pninn iin mim*? \rm ind mmp manu m 

i 

F r = ^2 F; inDiunn nnsiu p 1 ? iDiun 

i 


Fr= Fi + F 2 


J_ _ X 

fr'fi 



f T = p- ‘ f . 2 - :manu mur? 

fi +12 


nunu P pi nraiun mmp oprom .trim dpn mroiun \n D^pninn dn 

:nmiT? .ii9n 


:inn 9 


mmn] 


j_ _ j_ 

Vi fi 
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V 2 f2 


_ J_ 

V 3 ^3 


Ui 

Vi 

= rr 

D 15 

u 2 

= di - 

vi = n"U 25 

fl 

= n" 
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J_ _ J_ 
U 2 20 

1 
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13" D 100 

f 2 
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u 3 = 

d2 - 

V 2 = 

120 - 
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- n" 0 

20 

f3 

= U"X) 
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1 

1 
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-n"D 6.7 

11 
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' u 3 - 

10 
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X 

H 

II 


V 2 ■ v 3 
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Ul 
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Ui • 
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- U 

• H r = 

2 ■ i 

0.67 = 

n"D 1.34 

di 
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0 40 








d? 
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1*3 = ? 

H r = 

= 7 Vg 
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f i = 10 cm f 2 = 20 cm 


f 3 = -10 cm 


.mon mm iraumn :r:n miN .mumi munu nn'pujnn mmun uj-* 
.rm muiD‘? nnnn cmpniD yrran »nimn unVui tu 1 num du nunu noiunn 



— = 7 L -r~ v 2 = D"U68.6 u 3 = d - v 2 = D"0 11.4 

v 2 *2 ^2 
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v 3 = -iro 26.5 


J_ _ J_ _ J_ 

V3 f l U3 

trjim n^ugix d^px pd nmnu impn 

,rv , 3Qj namn mm nm 1 ? '•id prn mra roiuwn nurrn nimn nx 
mirnn ppn .^CDn ipmn pi Tiium nti ^joj msnN ts 1 ? n'j'apn pp mftin 

.'oaj-*n‘? Pn rraiu rmtun nunrn nm pi nujø 
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pmnn inn .H = 4 nPun nPnpnn n"o 40 ipinn pmn ir?un mmn nunun. 15 1 
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7 ionn ’nJ? nunun nNam nmN .n"o 100 Nin ion 1 ? oaun pn pmnn.n"o 
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( 
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up nununn pmn nrnn .5 '*9 n^iin D^ipn 4D nnsin rV?m nunn mim.156 

7 yUD opn 1 ? 

nnV?Nn •juj Dmipn arnnn .4D nnsin mm nmmn nom9 nmn nnT?N.i57 



ygnn nN t a ? nunnn mam oiin omipn lmjKP 1 nrnrnnn pmn nrNn 

.nmn irrs 1 *? o^npn 

tj"d 25 pmra Nsmn ,Dsnnn on nmn nunn ‘piu ipinn pmn inn.158 

7 udiini V? miiu mm msu , nunnnn 

nmn nunn mur? ur* nnn pmn nPNi .yonnn n"o 81 pmm Nsni din .159 
? man “?m mra mm mpnn yonn mm od n"o 20 ipinn pmn nmn 
nua Tin *?m mm msr* nmn norm .yonnn n"0 100 pmm Nsni m .160 
7 nmmn itu ipinn pmn inn .n"D 20 onoa un9nnui Dasn 
D^mpm onoa nimn nunn oann .n"o 60 Nin ion yai nsn ya pmnn.161 
.yonn m mm naipn man nunnn tin otid .3 a jmim yonn m mm 

? nmn asm nmnn an .n 
? nunnn asn ntu ya pmnn inn ,a 

nuo .nmn nunn dtth nnna .yonnn n"D 90 pmm Nsm tnto dsu.162 
- nnm DU9 ,nn;nn - nnN du9 :yonn m mm DOapn nunnn *?ui nasn 
.nnmn angå mmn yiwn 4 a Nin nntuNin nnm mmn yiiN .mupin 

7 nunnn ’puj ipinn pmn inn 

itinh inspm ya ts 1 ? *?apm main nunn Dm a9iN ia Dn naiw nsn.163 
,n"D 18.1 pmm mnn pmin nmn inspi n"D 17.9 pmra nununn pimn 
? namn nDiann an ,n"o 12 Nin nunnn Dm ipinn pmn 
nDapnn yonn Dm 5D nnsin nDoa nmn nmmn ’n 4 pmm Nsni ynn.164 
nN inn'? ur* nnm .nmnnn n"D 20 pmm yonn jin mnn .mim mm 

7 hid yonn Dn mm Dapitu na ,osnn 

inn n"o nnm .8D nnsiu nDua main nunnn mu 20 pmm Nsni osn .165 
yDnn jin ia 7 nmmn in n"o 6 pmn 1 ? Dsnn nN nam dn , nunnn 

.nasnn nun oonpn 

mm nDapnni t m yu Nsni nmD .8D Na nTDin nmm Dm nnnsm.166 
:mmn on ynn Nsm nmmn in pmn dpnd .3 a nlmn 
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.muinn .n 
.nnnn .2 

.nnpnnn in« Pm o’mpn T?nn dn uuitu .3 
1.5 pmm msu ,nunun id d"d 25 pmm Nsmn ,nsnn Puj moro mim.167 

.ninn ’n 

7 nunnn *?tu ipinn pmn inn .n 
7 mran in niDin nunn fint und .2 

imp .ninn d w d 8 pmm nmn niøin Nsm n"o 1 mnuu) nsn.168 

.n"0 5 ipinn pmm n"D 8 ntumn 
.mrrm nPun dn nam .n 
.D’ nipn iPnn fin uuiuj .2 
•irPnn nspu muim nnji9i Dsun ujniu nNsrn ppn 'pnn dn uuiuj .3 
12 pmm msu , nunnn in n"D 20 pmm Nsmn ,Dsnn *7111 murn imm.169 

.mnn n"D 
? nunnn ipin pmn inn .n 
? nPunn mn .2 

7 mi9D IN Jimn :nNT ntum 1PN .3 

m inrm V 2 pmnn dn uum .n"D 12 Nin mran nuiin Paj ipinn pmn .170 
■•nn .n»npn iPnnn fin uuuu .runn mo 28 pmm Nsm Dsnn dn niuinn 

? nPunn 

.nunnn in n"n 4 pmm mm nPupnn -4D nnsin nPnu mran nunnn .171 

7 osnn Num n9^N .n 
? nPunn mn .2 

U"n 18 pmm nPipnn mopn mimi nunnn in n"u 40 pmm imn usn .172 

.nunnn in 

? niT3D in nnnn nunnn oNn .n 
7 nPuj ipinn pmn inn .2 

nPnpnn mim .mran nunnn n"o 10 pmm imn Nim n"D 2 un ynN.173 

? mmn tun inn .nunnn in n"o 6 pmm 
nmN .h = 0.4 nPnpnn nPum mo 12 Nin mT9n nium puj ipinn pmn. 174 
.mmpn -[Pnn nN uuiuj ? niuinn mp mmn n^Ni osun Nsm 
Pui uran .munn Nin uun nutum r ohi Pnn Nin nunnn Puj ittn nuwn .175 
.nunnn Pid nain isn mnn n"D 80 pmm msn ^lurrn Nsmn ,Dsnn 

7 niT9n in nmn Nm nunnn dnh .n 
? nPuj ipinn pmn inn .2 
.trmpn iPnn dn uuiuj .2 
. 1.5 Nin nPu» nTnuin mpn dn niuinn Pui r om nn num .i 
,f 2 = n-n -10 ,fi = mo 12.5 :munn unPujn mmn nnPsn puj ^up’niN.176 
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.rupniNn Pui ipinn pmn nN num .f 3 = mu 5 
dj miui ,n"D 12 ipinn pmn min mam nn« :munu unpui nn :rupmN.i77 
nu ,mupPui nyn*? n:pia nunu u 1 « .n-u 15 ipinn pmn nPm nmn 

? iod mnn irnpnwn nnaiutu 

min« .n w u 2 ipinn pmn mm nmn nunun n-D 3 pmm Nani nau .178 
npnnn N’m mu 3 ipinn pmn mm nmn N->n dj miui nunu rwam 

.mu io pmm iuiuwm nununn 
? maiun mmn n«3m na 1 « .« 

? nPunn ’nn .i 
.D’mpn ypnn n« umiu .j 

,f 2 = mu 15 ,fi = mu 12 :nuDin munu i nui i uai« Puau Pu onmn.179 
.nniuNin nunun in mo 48 pmm nau mimn .n"o 36 imm pmnn 
? m9ion mmn n«am nnuin nunun in pmn nr«} .« 

7 nPunn i nn .3 
.D ii npn ypnn n« umtu .j 

f 2 = mu is ,fi = n"D 20 :mmn munu i nuj niNani ’uai« Puau Pu.iso 
. nmn n"o 30 pmm uau «am nnuiNi nunu nap . un tt n "0 70 pmnn 
7 mm nunun nm maiun mmn n«am na 1 « .« 

7 nPunn 'nn .2 
.n ii npn ypnn n« umm .j 

.mnn n"D 7 pmm Dau «am n"D io ipinn pmn mm mmn nunu naP.181 
30 ipinn pmn nPui ,nmn «-*n dj nniu nunu n«am nunun Pui nio iai 
niNiP nu ,yun uupp up na 1 « .n"D 50 «in munun miu y*i pmnn .n "0 

.D i-, npn ypnn un umtu 7 maion mmn n« 
nunu n"u io ipinn pmn mua tukuni nunun mu 20 pmm Nani Dau .182 
.niiiuNin nununn mo 30 pmm n«am mu 12.5 ipinn pmn mun nnu) 
.D^mpn ypnn un uuiuj .nnPun n«i maiun mmn mpn n« num 
,f 2 = mu 20 ,fi = mo 10 :-*uai« Puau Pu niNani mmn munu unPiu.183 
pmnm di = n"u 25 «m nnui yal muuNi nunu yi pmnn ,f 3 = n"u 10 
n"D 15 pmm «am Dau ,d 2 = n"D 20 Nin mupPtu yn nnui nunu ya 
.murPuin nunun yai maiun mmn in pmnn n« num .nnujNin nununn 

.n ii npn ypnn n« uvnui 

ir n"u 20 pmm f 2 = n"D 30 ,f x = mu 15 :munu mui i m i-'npm« .184 

.a’upniNn nap n"u 25 pmm «am uau .un 
? rraiun mmn n«ani na 1 « .« 

7 n^pniNn Puj nPunn i nn .2 
.mmpn yPnn n« mnuj .j 
. maiun mmn n« ynNn .i 
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,irn ir iru 40 mpnnnn f 2 = mu 30 ,fi = iro 20 nimn mono tiuj .185 
? nsun tæm nsrN .nnum nununn n"o 60 pmm mm imsr 
niNSTU f 3 = D"D 25 ,f 2 = 13" O 30 ,f t = T3"U 10 :0113113 miDlU U)T?ID.186 
.mumiu pai nuiu pa n"o 30 i nuu) pil miunn pa u"u 40 o’pmm 
Nsm rem .irurøuin nununn n"u 50 pmm n’jno mm nnsr munun 

7 DHUH 

pmm Nsmn Dsunn mm msr n*o 12 ipinn pmn min nuan nunu .187 

.mnn n"u 2f 
? mmn ^in inn .ti 
? mmn nNsni na'w .2 
7 nnnan -»nn .2 
.mmpn T?nn nn uuiui .i 

.ninn mu 30 pmm mm mur n w u 18 ipinn pmn mm mian nunu .188 

7 Duun Nani na 1 « .n 
? uran Pu mmn tin nwT? im DNn .2 
.mnn n"D 8 pmm mm dsui n w u 8 Nin mran nunu Pui ipinn pmn. 189 
•iiuj’n n’-'pu im uimuj -n’-Pu in mmn Dipra jin ihjjt 

.n"u 5 Nin nugn nunu Puj ipinn pmn .190 
? ir nunu nrn39iNH nm ra .ti 
nnn mop mnn immuj ran Pu nsu rnunP ur nunun in pmn nrøa .2 

7 Z '9 

mnn n"u 80 pmm nPapnn nunun in n pmm N5mm mun *poi imm.191 

.osnn * 2 ui is imra 
.mi9n tm main :u nunu ipn rap .ti 
.nPiu ipinn pmn dn iujtt .2 

.f 3 = T3"U -12 ,f 2 = n"o 8 ,fi = n w u 18 :munu uii’poi nn iupmN.192 

.arapown Puj ipinn pmn rar aiurr 

Pur nui im .n"u 20 ipinn pmn mm main nunun n w u 35 2 pim mu .193 
-12 ipinn pmn mm niT9n nunu nNsm mnn n"D 38 pmm nunun 

.mu 

7 maiun mmn nPapnn n9^ .k 
? nn 1 ?!!! ■•nn .3 

9 ,f 2 = n w u -20 ,fi = n"o 10 :DNnna ipinn ‘•pmn mPm munu ujiPid.194 
nntu nunu pai ,n"u 15 Nin noiuP miuixi nujiu pi pmn .f 3 = n"u 
nunm nuii9 ’tum -> 091 « T50 nPopn nmPN ,n"u 5 Nin mwPiuP 
? naiunn Pa nn« nniPNn nip naim na 1 « .miujNi 
’uiki ■’uaiN t*hui p ,un it n"u 40 3 mpnnn nnnp nmm main nunu. 195 
40 Nin nNinn orm n"o 12 Nin nunun Puj ipinn pmn .^muin pPiu 



pmn tipni .nuiaua mujø pujNa 'ugiN a^P niPnpnn ,0’napn .n w u 

.n‘ n npn pnn en unaiu ? mur 1 in nununn 
nNann n w u 50 pmm nNsm n w u 20 apmn pmn nPua nmn nunu .196 
tnh <pa nseu mnn iru 30 pmm nunu nap .iru 28 om nPua nmup 
.o^iapn pnn en uuauj ? nraia mm mim nNxro no’N .n"o 2 nam 
mnuu nunun .nugn nunun n"o 15 pmm Nxm mo 10 naua oxu .197 
.iitn Pa mo 30 on nunun *201 o^om oun 1.5 nTaiu uapn nPua nraioT 
ampa man mium nmup nNan ENxm ouj axa nunun in n"o 30 pmm 

.’n2.4 


.mmn ram tin aum .n 
.mmn en pmN .a 
.nmio mm Pap 1 ? na o'mnpn pnn uoniu .3 


.1.5 nTitu mpm r 2 = mu 25 ,R X = mu 50 romma nPua 


S 


nunu. 198 


.mi 9 n in mann nunun dn uap ,aiurn nPP .n 
. nnnmm nPw npinn pmn nN aum .a 
pmn en aum . 4 D nnmu EPua nnm mam nunu tt nunuP OT>nxn .3 
? mi 9 n in nraan nanunn one .nnnsiui munun naiun Pw npinn 

:nanun nnra.199 



npinn pnnto mann nunu pai nmup runn pa nmu n"o 20 iraiaiu exe 

.•mm pin urrann ■ja Pui mpm .n"o 30 nPtu 
.pmiN en pnn mPapnnn nnm ’nuj ma .n 
. nPan eni mnn Pa Pui mpm en aum .a 
am .maiiu-'n nNann n"D 80 a npman n"o 20 apin EPua maan nunu .200 
naauna nPapnn mm fn .mnn n"o 30 pmm oxu nxoj nunun Pro niun 

7 ENsm jrn na^Ni ent 

.naPnn pPro ■'uiNan apinnm p naauna niNxni maan nunm naiup nNan.201 
osu . 3 ^ D N\a nunun Pro nnnxiui n"o 5 Nin nNann Pro apinn pnan 


56 



.nmnnn iro 6 pmm p*ra ichh iru i inruaj 
.iraiu mm itøp 1 ? o^mpn -pnii rø utnu) .ti 
.nrimn ‘jd *?uj Dip^n nx 3um .3 
.nrimn Tm m 3om .3 

o^rnpn nm’PNui rn ir htd pmm niNum - mism niDin - munu ■•nuj .202 
.mT 9 n nanu nnN rrrapn n*«m ,nn*m nunun jidjid 3ujn nTripnn 
pmnn wn .f 2 = rro -15 ,fi = ir o 40 :nn munun * 20 ) ipinn pmn 

? p\P3 

.JV 9 D muQ immi ohu dwij .203 
A .' .n'soj onpinn nxi nunun nN -«ra pm nhid .ti 
A ' 7 mi 9 n in nmn - ir nunu ira .3 


n*?uj n’ipmn ren nunun tin -*933 pna Nsn mim uhu ■juj oip^n ■'37 .204 


A 1 

i 2 

A 1 [ 

N 


_i: 





ron nunun rtN ^933 pim nhd pren .n33um nu3i9 D’mp '•nai rmini .205 

.n'pu) Dnpinn 

I1U319 ^ 



H191N 3’H 




.B 1 a o^rn *?uj mm nn .206 


3iN 3ipn 7 tu mm irar 1113311 nunu .lonn n"D 90 pmm nhiij 3iN 3ipn 207 
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Puj apinn pmn fin amn .tru 30 Nin nnma pnnmu n-nyn nun iunn Pu 

.nunun 

rnann nunu * 7 iu ^uaiN an du laPnn mi Pnpna Nym i pin Pua nup .208 
nPaan tin aum .nununn a pmna Nym uopn uynN .f apinn pnnn nPua 

.uupn Pro mmn 

a pmra Nym Dyn .mniurn nmn nNym mann nunun f apinn pmna .209 

? mm mon n^N .nPui ■•uon aya nununn 
niNym - htin Pa n"o 30 - d->iiuj apin ■•pmn mPna nnaan munn - , niu .210 
.miunn mm nPapnn nyun nyn lp-wa aum .nn it n"o 15 pmm 
DmpiP .n"o 20 nPiu apin pmm (n = 1.5) maiar mium main nunn .211 
munun ■•nui Piu Tpuran .ind mpa mrrem an« naina ,nPiPn nunn 
nunun pui apinn pmn inn .u n n iinp monan nPiPnn nunun nN .mm 

? nmn iina nPiPnn 

Taana) p ,ira n 1 pmna niNym htin Pa f apinn pmn mPua munu miu .212 
mna Nym nniu nunn Pui ■*ium ■’udin an PaN ,an miNa D-'Nym munun 

.nntuNa nunn Pro ^ujNra ■ , U91N an njp a 



mm imm nNym n^N aum .aiN aipn Nym nniuNa nunn Pro apina 

.imm yai pin aipn ya pnann 

anm p ,un u f pnana niNym nnN Pa f apinn pmn mPna mroiu •>mu.2i3 
Pnpm nnu) nunu Piu ■ , d9tn ann h pnana pnian nnroNa nunu pid aaaw 
nuaiu .nPuj ■'uaiN an Pu nnroNa nunun 2f pnana Nym aiN aipn aP 



h pmna n"u 4 apinn pnan nPua mann nunun n"n 12 pnana Nym nyn .214 
? mmn nm nnaa .mu 3 a nunP nunun nN mnn .nPiu ■'U 9 in an Pun 
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nnuiii 3.3 

d^id mur ,T 9 no mim tn ntu'PTiijn nTnT9 misn tv'tiuu (nrnmg) moro 

imN'jnn inui rPTpsn ourt DNnnn nnoro ^uj n*«3iui 
.(180° ,90°) nn’non ino D^jipn iraftN men*? .1 
.Dnuj39D - ffm« niNn nnT?N *2S9> .2 


90° mpjp ,N 

mura intPD ,(i c = 42° -pin ipjdt * 7 ui iRmp it , it .45° i nrarø nnr?N 

(20 ’nra irs T\tn) .minn’? ■ , T9- | s iuttj n*?t minj nunn inpn 'ju rfjmg 

:nN~in ~ | 39‘? 90° moro ^uj rvmirr 
.mmn'? mr rv?p .1 
.mani nnuir? muin .2 

.ir finhed y>N mDjro,2a n numnn -ppn nnnT? naiu a non nNinn nnm .3 
,-«Tg^ p* niDTta ,nNn n^ruNn p’jn raia udn nunn 1 ? U 9 ^s nar* nNun .4 
.(20 ’nra tps tint) .sipo-nan n^nnum 90° moroi 


(Dove) nxn moro .3 
imTpgn 

. (naannn mmn mrnra) nimn tin jon 1 ? .1 
•lup ran romiNn irrn tin pTNn 1 ? .2 
.■*T9' , 2n i~ns pn mma nunn “7tu ynpn ■jn rraiu n muro na 



nnru ranua mutu9nnn munn nas ‘?d , ?t UNn niTnra ’T?n Nintu -* 39 « 

nrpnn n"t ,nNU tin *?m oinm nun Nin dun ras *?uj *?a xitn .raitu N’n 
*nvra iup Nin dun *?ui mnuin mpn inito .(v = X • f) irmm Y?tu muurannn 
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TV^nTn Tmao *?m asn 

uuj-'ui TQnn .natron tvmt mrann nNSvn ppn pai nuaran ppn yn S mir 
,nuji3n ppn nw nj ,m asn 1 ? iran 1 ? '•id .(S min) irørrn ir"uu *?uj asn 
nntf? Tim '7 nvnnn nNST>n ppn D’non asn "nnN manna nrn nxsvn ppm 
,-nrift n’j-'nnn rwsrn ppniu m'j <yon asn .pra imaa na-'iunn nujrøn ppnu) 
moin nfi n-nuraan anra mupn a^n 6 mir .nrrcprn n~»uo ‘?m asn xapi 
pajn n^pnn irtn'rn m’uu *?ui asna .n nTntD mpm A u»n n’ii iftua 


. rt 

siny 


,nnmn ■jid nmauin i mpn na main tt nu -1 un 


auDTia moin i 

n^nn^n n^uo "jiu asna X onun P pia^m p mnaj mnjnn *?ui a u»n mr 
Da p*? .("awp" pi9 tint) mona mua masm nasrn ppm nim9n ppn 
nfrajn pan arPa aan naiom tt nrain .ioox a n n maun ,mampn mmpn 

.naimn 
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nriojm nrun 


wn niraan mwi niuNin mo io pmm 60 ° mram nwe p7 tw nm7N.2i5 
■jud ntf? mnto Dipn un ,mjiun pra mnupgon pnn mm nn .50° 

7 1.4107 NTl DUN 11N7 ilTlUJ Dipm 1.4842 NID mUltD 
■jiu lUNin ir»ir .mra7 ijisid n^piio imio mmnn mo:n rmiia nm7N .216 
recmn nm7Nn *?ai n^uun mw jin num .30° .1 60° .n :nwi mmnn 

.1.5 Nin mmnn *701 nTimn mpn .nmian nm7Nn nmu7 



■■7mrnn mnain mpn inn .1.38 irram mpn 7in 7rm nuipcu 90° mmn.217 
mim minra limn nn« pra ■jnnm nujign ppn dn mmnn *?ai 

? tpuinn 


inn .26° nu m7mron rmuon mw .40° N’n nuftium mmn *710 ujNin mw.218 

7 mmnn Itu mnum mpn 

mw ■•nn .1.85 Nin mnion mpn .60° nti ntu7iujn mora *?ui (DNin mw .219 

7 m7mm mwou 7ai 

mwoun mw m7miwj mwoo *5ui asm .1.58 Nin mmnn *?ui mnui mpn .220 

7 mmnn *?ui BJNin mw •’nn .40° nwi 

mnuin mpn dn ,ppn rnmu mw -Tin .60° mmm 35° mm nrnia pp .221 
tv"uo 7(0 isn7 nmNnn ir mtro mw DNn pro 7 1.5 Nin mmnn 7to 

.m7nmn 


7tu (UNin mw win .60° mw3 runn nNimi 30° min mmn7 noni iin pp .222 

7 1.5 Nin n7ui moiun mpn dn ,mmnn 
mmnn 7io uiNin mw .mir nnm mnn iwsn a min mmm nmig pp .223 
.mmnn 7ui moron mpn jin aion .15° mn ppn 7iu m-uaun mw .45 ° nwi 
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iiit ^Mgn.innaigirrT ,d^ t d »p^opn 3.4 

,d i '*ijiu o’imnn diidd nn D"ii .("i'rcpp" P" 13 ) "iwn nu' 1 ?'? murn o'ODpn 

.duph;! 
Pipn rmrng .1 


■•up nr 1 ?! du mui nyaim nnri9n tin mmn AA’ ipi .irnPp iuju nt mpn 
■pii n 0 iYrn pp Pui mnui Dipn yi Nsm V?oj immun Dipn .(n = 1.55) 
niTTTro numn nTn iip .nn^Nnn nu^ nno ,n e n;pin pp Puj tttiu) Dipn 
inpni Pipn ninri 9 viuo Ttunniun .rampn tinst 1 nmn ppi ,DiPnnn mini 

.(Polarizer and Analyzer) TTlU9nDl 



ipi9 nnri9 .2 

tin Nsru AA’ inni inr nPin nixuua pp mr mup in Pipn nnm9P nnn 


.(uv) pud-niuPin tn! muinn uinniunp nu9Nn nr ,’Tip rnPi oipm 
A 



iraiu pp hund .inri lramriDn nrmPn yi N n n ,ru tiuju ,Pi-m rimp 
U9in uran ishi rmui inmnn .nmm nP^i rn^np ‘•ntu*? nP39nn nu ,nm 
riNipi TTT1P ,(iimn jut mi) 90° Nin U9in uran dn .D^npn mm ya nNnm 
dn .Pi-mn irmP w ,(nmn im nm) 180° U9in un9n dn .Pi-mi tttiP 
tn ,niTV?n murp nupn ’up e nnn Numn nupni impn rrmPi uran und 
iiNn jwp nupn yo 26 tit msuuj p iPtu nu’pn nurn tin rmiun nvnPn 

.rrniPn znirp nurn \ra 
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mwpa impn uji 9 n und dn .P-mi irnft mim nnrpn jio dn nuur? irpj 
aiu-*p nuur? m ijv*j .isn 1 ?! 'D 9 MN aurjn nmpn rrn 1 Nin n‘>m‘? mitn ^aiin 

.pn 1 ?! -*np 



D^Jipn nr .Din nrip tiitw (ir) oun-nispn hn iPun min uujd niti 
D' , D' , D1 ’JD pil 1 ? MD ,il!Nn niDlDni D 1 TT lU'PSD D^UmniUD .1311 mini) 

.tin npn ‘piu in 1 dtott ■'isn D‘ ,i niup , ?N in d^usin 

D^lims D' I 1U‘?' I 9 .2 

D-'umnura .dmitn P ’dhn D'tfrai ,x mon P -piN Pn iin DTQDn un 
.(■>ms-*m)wrDuin iin jitsP nuiin mmum uiras lupga 

nissNnn 1 DP 9 .3 

nnsun id tun nmn Nin ,in‘?‘ , si lins tin hund .itqi niDDiu nn m iuP9 
P "usiN piun tod .niumm nnnu opip ya msiNnn msui lupgn 
D^UJin-'Ul il*?N IT1UP9 p? ,miUp9U Ppnn , DM193 D^DDSil 

. n i inniui9nup9DD 

(a-'nsm) mnn9N-»i 
mnrø-in .n^nu nmiSNM .i 
.inr mm n^nn mmnoi md nnr?Nn luip dn PD-rn 1 ? nmi9NM Pj rrppgn 

.ind pmn luip n?m ,mnN nnii9NM mur imp p 1 ? 



d^tn nn;ii9NM .2 

dn mnu'? im p m 1 Pn Ppm? omid 1 hun ,dmisi dmu nun tt nmisNM 
nnnsNM ■?ui rurum .20 d m id DMun igon .mnPm rnumriu nm .maip 
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■lUj? lUlp 1NUI1 10 mJOJ N"2 NTIUJ HT1 O’TN 


(Beamsplitters) 11 N ^"22190 

nnon nm mm nr i"m .dum"? nm“?Nn n« ‘jso'p hn "Omn “2111 irpp 9 n 

:hn \no nuir?uj mur* .miiNnn 
moui "2200 .1 

tin "22190 xrnoouD .in« 120 nunn mi 1 i9' , u ou (o w o 1) npi nnil on «m 
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nnpj dn mnr ton umnp mtu -pa man un 9 n mi - bk .(maiiNn muas 
dtdd ampa - D-'piDn pa pmn - bc = d dn .bk = X pai ,iui(DN~in tinh 
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non roe aapn mn ,oniN Tun mn aiDNa .irmptijnn 390 Nnp ^nnn 1 .246 

7 nmpiunn nnsiu mn .vonn n"u 16 pmn'? 
min nran .5 D nnsio ■•am cmptun 111 aanon mmaa n v, r:u *703 din .247 

? ana nNa^iu na ,dsu Nsnma am 

pipr mn nmpujn aa'wa .naom n w o 80 pnann ara nmi i mi-pma din .248 

7 n"o 25 pnana nmao niNia na 
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76 



.iru 25 urra mra n"Ni pmm mipnn nnnniu 
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? nnDsnnn ’n 4.5 pmm Nsm Nim ’n 1.2 


78 



5 gig 

nnommo 


•Dmui tw •■nPjii tw mnprn mjpg’N *?uj nmm npuiu munmø 



D’TUDm .nan npnn nNsrn nun mm Tinn ppn pi mi -NP;a 11119 uj hnh 
nnNnn om*? .tin npn Ptu iinti nnsnjp ■'NPin mtuvn hn nurnnP id -1 n^ænN 



icNin Dm^-va mumnajn 
(w = l j) .irtwra mini - w nnpn mniN .1 

(lumen) nnmPn iidj ^uoin .nmpn pgon mi - 0 iin guuj .2 


0.5305 ttuuj Pm nnm ^li Puj nnp ^mr :p min TniNPm )pn ->9p ,iniP 
.( 1773*^0 2046 ° k - (Pt) nruP 9 iimn mipi poj miai9nm i"nn 

lffi 

,0 = 20 — :unp mu Puj «tidui nn iinh ^naj nnan ^uum Pin -pionP -hd 


.1200 lm puj iin «iuuj a) 1 unu 60 Paj muP impg 
indp inn .Dnmn nujiPun nNsm nui nmurn nu nmnP - w rrama nu .3 
jDinnn min »ttuin itP 9 Pai ujni itu in ump Puj ujni miiD nnmn mu 
Ti nn 1 t* Pu mim irairm mu .(steradian) nnNmnon nnm nnmn mu 

1 -■— 1 t •• 

.nnn om unnP nmn ppn Paj nuui 


w = 


R 2 


nnuj nnnin mu - 'ni nnu) min arm i"n 1 miuj min ppn Puj nuaj dn 

.1 ster P 



.(INm 
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i = ^ .tin ^uu) ■juj rrinDn ■ > mi - i hnh nnsip .4 

-nnui 'yu Du) niTrao) id mpi l cd .(candie) di nti dinh rnsiu *?ui n-pir 
.i"DD i nutun 60 cd mnn nru'PD “pui nmn mipi *?ui imuD 9 nuD 
131NT1 1 YPDD ,D1N Dlpfl ’Pffl nOtDil JVPTPn UD93H ,DlNil nDMlD W - B DITTO .5 

.(nit) U’JD min] niTna 
E = I .DNTO Dlll nUtl) ■JU DINH ni9‘ , 9H - E ilDNO .6 

J 

-mon , 7ui -»irra ttuui •pu mNn tn ,Tm ’jqj tdddd Nuru Nim n mipi din mpn dn 

ø 47tI I 

:iNinn ttoui*? a mm nuira dind nnr?N dn e = | = ^2 = p :N ‘’ n 


S • cosp 


:cos <p n^oin ,din TipnD mm uDai din ^uui dn .r? 



.D"D 1 notil *?D 1 lm DIN ^UUI ‘PQI ilDNil ‘‘TllT 1 lux .(lux) D’DplVD niDDJ ilDNil 
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nnmiimai imm 


8 Kin nrmn ya pmnn .otin Vd 500 cd mm i nui usrn nn 7 n ’n 6 ram .283 

•im , n mmi irra ViV nnnn nnunn nu ium ,’n 
IitViuj * 7 oi nspn mm mNnn nN iidtt .0 — 1300 im mun unv niu vd .284 
.’n 2 ram mnn Von nuvn mun dn ,’n 1.5 iuip Voi vuo 
ni ' 1 invitun mn Von mu nrNi .10 lux nrnV rans invuun mm mwn .285 

? 100 cd nnsio min nni mvnv 

.100 cd nnsio nvm mu mr?n ’n 3 rnnpui ittViui mn von *n 2 ram .286 
13 invuun in pmn anuim 25 cd nnsio nVm mm nniN nnnnn 
? invuun nspi mNnn nninuin tn .niniun nv mm niNnnoi 
innn mipi nv« .un tt ’n 2.5 pmm niNsni 100 cd 1 25 cd nmi mm .287 

? nnui nnn pn rttn * 73 n niNnn 

dn mnnn tito hn iwd nam .nnn mpra nu 7 n 200 cd nnsim mu .288 

.ouirin Viv mvm Nn 

miuiNin mnnn pmn mva .irn u ’n 1.8 mpnnn 8 cd i 25 cd mm uuu .289 
mnnn mwnnn 2 n mnn nnuiNin mnnn mNnnuj ni ,-pu muiV un 

7 nuum 

mrpin nNsm na’N .1000 cd nnsim mu nu7n opnpn Von ’n 8 ram .290 

? 1 lux ra mNnn hun 

10 Nn 70 ° mm ira iraxm mmpnui nmpn mNn .013 uVn mun Von .291 
? 50 ° nnra yn moii 9 nmipniu nmpn mNnn nn .lux 
nVm nirø mu .nnuin Von niTN nrnVnn ,nnn ’nui m Vo "into mu .292 
nrm .’n 27 ram nuvn i 2 nnsioi nuiu mm ’n 8 ram nuvn i x nnsio 
nu i'Vni on mnum NV ra mNnnui mipi nNsm nnn no nnon pmn 


? impm nnun 

Vui nmpnpi n^Nsm ,tttn V3 10 cd nnsio '•Von .dut hn nmpn nunVoj .293 
uivuunn mm mNnn nN ium .(’n 0.5 nmu oVs) movs nnui uiviain 

.(Dnnin nunvui Vui jinnn nnpi) 

■ion Nsm toi npnpn yion vui ompnpa mNsm hn nmpn nunVui .294 
.nuin yraVNV yiiNn innn .ioVsv nnui yuon vui inN yniVN 
imr nurin iiNsira dn nnain mun Vui nnsion ■'nn .l t = i 3 = 10 cd 



?2 u ion Vo mNnn 
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200 cd irrø 'jo 7iu nnmon .nuum 7on nnN :nnu i nui nvi7n nno 70.295 
’n 2 pmm nmNn 7o mNnn fin oujtt .’n 4 i ’n 3 DNnnn o^raom 

mnonn 

a mipn mNnn runinn "pN .Trøn TNinnuj mo A mipi “jo mNn hn mpn .296 



«iuu) nnN .96 cd >rn mun nnxio .mpn *?u nu7nn »nnnn 7o nmNn mu .297 
4 pmm mun 7in n’Yjn nnnn on ,tb o. 5 nuui n7on .niinra ooi9 tin 
’ n 2 pmm nmurn nNin nu’jn mun -■mrtNn 7inn mpn 001 mon ’n 

7 munn 

iiNn nnmo nN ,oin 7uj nmmun nup nN in mNT? inuui nmn pmn inn.298 
nuu) 7 10 - 13 lm Nin ,ntfjip ro hun ronmn ^nun ^ cd Nm irwD 7 id 

.T'no 0.4 Nin iimnn nmuPNn 

nmon pi mio mun tin .2000 cd nnuio n7on mu nNurø nmon jinn .299 
dn ,ion Nsm pmn nrNn .100 lux Nm ionn 7o mNn .ion 7n rruaiN 
7 TiNn npnn nuto ,mNnn 37.5/. ioni jtooin nmon "pnn 
50 nnsio 7on tin mpn Num ,Tmn nuip*? nnmn ,nnu mm ’utt 7on.300 
.’n 1 mon om dn 35° nun no mons mmpnuj mipn mNn num .cd 



on indium 7o mNnn nmn nn .’n 2 nom tin mpn uori tn^itun 7on .301 
Nsm hn mpnuj p ,4 d nnumn mmn nuno cniu o^np 7w pm 

.25 cd Nm tin mpn 7 uj mNn nnuio ? mpira 
m .ion Nsm nNonnn ’n 25 pmm .mu JiNsni nmop nNin 7(1) ipim .302 
.n w o 50 nNonn om 7 nmnn hn onmin dn ,ionn 7o mNnn mup nno 
omiu ionn U97 . 10,000 lux mNn munn -piNnn ionn mono (uniu nip .303 
60 Nin ionm nunon pn pmnm n"o 20 ipin pmn n7oo mmn nuno 
nmno noonoi nuno 7ui 7un ionn 7o Dno 7tu mNnn nN oujit .n"u 
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.mon 

renn reærn matu 1 ? mpm »mon .nuur? ■?nn h ram Nsm hin npn .304 
? rennm iwn npn \n pmm man nV?n nn .nmtirn 
.lrm iNinnti) irø ir? ir 90° irnn mmm imumn rrmn muj .305 



D’imp .tw npn nhdj mpsnN nmnn 21 pmrm it'djn rifnnn 1 pmm 
munn reé num .n'Drxn rennnn 21 pmrm n^poiNn rennnn 1 pmm -[on 

.1 N’n Twn mpn nnxm un ionn ’ju a nnpn 
’n 1 pmm .120 cd nænu ’jua hn mpn Nxm ’n 2 ram imitun “?un .306 
.rvmurn nmn nasn? ■jn’juun ’pun ’n 1 mmi in^iiu 1 ? piNn marta nnn 

indium ■pu unti npn'? nnnn man mim 



uran -2 D nninu n*?m mion numr? mmn niuiu lo^nn 302 ’pmm .307 
nnra nrami nanun ’psi munn hn mun .-jonnn n w o 20 pmm nma 

.irnun 
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6 RID 


□**OOIM 0*2*01 u** 1 ! 


IT 1 ^ 6.1 

tin nniptf? vnid nnirrn mmn T? up .■ , u 9 iN-n«p'?N iin mpn i 3 *n lim 
tran Din * 93 D ,nw 9 i ^tTjb itraiun it* v ?i unmum mnn p*? .nnnN 

.UDI TITQ ( D 1 901J 

it" 1 ? jyj rrtmg irrøu 

Light Amplification by iPiNn mmn “ 70 ) mim *u)nit] mm ir iV ? nPn 
.ns'JlNn nmp *T Pd tinh iraan puiditt Diaini .Stimulated of Radiation 
* 9 ’? .(Bohr) tq ovn ■pin moNn nnnn nra P uunn ir^n pp nnn* ynpn 
Din asm .ipjw mm onnnp’JN'? up ni om ’juj (dPP) nnnuoiD 
ppn Nin dn .(groundstate) mm nnnin mniNn nmi Nsm inupPNn 
nrmin mniNn mm .inr nnna mama nnP iV?iD ynnpiNn ,vinin mniN 
Vi NHmn 1 ? ni* mN Pn nnT? nmn pap"? ■m* Yrap^Ntu rnnm mm W? 

.mmn 

mirain rrara .irana uPp 1 ? pis inup’JNn ,inp nmij nnT? pap 1 ? 1 "K) 
nnni nm 1 ? Po Nin p*? .t»jp irw nr mnm mn inr nnn inue h'j ynup'røn 

.mniN uPi9 piupPNn nmnn pnm .irn* 
imn p n-'uminn nnP 93 i mmn mm*? mnopPi Piu nT* 3 U 3 i 9 o rrcrap 

.iT 3 i 3 Nn nuPpi nmP t* *?d imfn nPN miPnm 



. omma niNiprn mniNn nnn t* *?d niDUinn mniNn nu-pi nuPp 
■*nm ittn in pui9 *sn niN^na nidn i*n .pPnnnP niPD 1 p^Ni mmu nlN ni3n 

E = h • f nmpn *?iu mmm pi nT?n mn3Nn nra .inm 
( h = 6.6 • 10 -34 j • sec ) pP9 *?U) Dlip - h 1UJN1 
mn o 1 ?? hun piupPNm nYro nnn rmmNn n3n ni ,nnm nmpn mmn en 

.inr nmm nnP pap* nNTD 
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mop nrcruNn run N"i) nnuun nnT? v 13 ^ ’id np^oon n 1 ? mniNn ron on 
miun nsm dnim nid ,p9ip piupPNn pn ,( roniNn mm min pi arann nnr* 

.(excited) 

nn .’idi pninn ,tin ,ditt nmsD ronjN oPnpn inrn *?d ounup'JNn nwHni 
nijr ,mioo ponn ind pn .ipjun omDig ,mrn nPau ,mmnj nraT? o^gip 
nrn ,roiuj -pn omn ounuppN -»t ’jd ntf? 9 jn np-UNn pp ,->jujidd p*?nn 
nnP miN ran nurmpPN *3iu omn mnD papnp nPsj on .ino nDim nnsim 
mura) Unib nn nr .ino nPiu mnn nnnsujiu ,r\'niH itfpg-o in 1 pg-* on ,nnnj 


100 % 


i 

i 

irPn lu 

\ 





TUD j?DO 


TPOnnnn 


.irPn 


90% 

\ 

\ 

v 

■>. 

V 

V 


lampen nrrain noiPwn ddtto irP 
ippn pu .1 
mNin - (Tinn) Timin .2 
niD p90 .3 

mim 1 ? pid - 1 nrPn gu 

(Ruby - UTIN) pmn .N 
(He - Ne ,C0 2 ) TD .1 


Pin .x 

(GaAs) rcnTn 1 ? ppm .i 


onmin trtpgm immgn hund .nrPn <p;a duiuid pin*? uron -nrom 
■'9P n’ni ,o i unnn mntran rerap o’moi imnn miuND orn^ra on ,nNinnn 
nnN in rcrcm nnPNn nP9Din niNnnn pn romn mm nnN .ppm nnnn 

.ioox ipn n^oj nunnn mpnw niNnnn 


100 % 90 % 100 % 90 % 100 % 90 % 



H 1 D 


ni 11 '? :ino noinj irPn irft’sj .ippn urrap'JN'? irruN.-pson nu pgp 
.C0 2 tt‘P' 5 mg »ixt - 0 . ix o ni u dppP ,«40x - n^nn*? pPin 
nN’s 1 p9on ■?Dpp ->7D iNu Dm nrn'? pm numn p9on nDimn mPmn ■pnn 

.miunuin 
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tp'O i~rø ~?u] mian 

(mms-in) mummnn ni? , i 


-&7 om Dii mtfjsun omuran *?dui iiran .mmn in “jj piN ->v "iNinn ras 
■juj mniNn mm urann mn ppn “pui nn .ttin nmi nNn 1 ppn ,nn 

E 

miui «fu Pin ir-irP p"? ,mnuj nmiNn mm min w? .f = ^ nmnn 

-[Pin irp ,diin hin pnpn He - Ne ni 11 *? ,nnmT? .nruu mm nN DTijin 

.pm pipn co 2 t 1 ! , (ir ) miN-NiorN pipn nann 1 ? 
mnpn m 90 D mu PuhP .raras mon D'ripn uran« iin mnpn ,mP nmiP 

.mnDi mo ,pm Pittd 

nimn pp .2 

p*? , 0 ’iPdi ,nTsn onP: hun omui 9 .ittn \\v22 nmo: DmuiDn nnPN 

0 = * :nr*9 mu t* pi: rann jin o i : v, 9Nn .nn: nnPNn tidp 

d - 



.irPn p: mip - d p: piN - x 
T?n .opttn tin mnpn nmiP intd n:up Nn in ,nniuj d i t i '31 nniu nrn mn 

:nmuj nN mnpn *?uj nra nmr p 


360° 

dpitn Itn mnpn 

- un 1 ? mu 

0.1° 

IH"? 

C0 2 

40° 

LED 

0.04° 

- He - Ne 

30° 

TljnT 

O 

■*o 

d 

Ruby 



5° 

iPin 
- renTtf? 


munmp pp .5 

.mcmmp pp mm: pp ,pn ,irain m'? V? om ,omui9 nnsP mi: imi9 P 

.imp U9in un9n n*?in 

mm P9nn .a 

nnp mop® dh ,iiDin: om 1 ? nnn: nmn hk nn uPsra onnup^N hund 
nnnnn piN jin D i rPNnn pN'sn p9on nN mm'? ■•id .nnn: nnum iPm 
*?ui dDiu mon 1 ? ninu nm*? pis nnnnn piN .(6 ’no) cnmu oP: urt pd 
nmui •?: miNPiu ,ira nrPn <p: t* ’?n mp:n “?: piN m*? "?: pun ptt 

.nnmn oP: nnsP nnoi nn" 1 nnnnn piN 
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immun pi« - l = n • j 

,iitn 79 piN7 pi p-wnn nunn .79 ’ohn ison ui7g7 p->7;nonn onr 1 '? djup 
79 mitf? D'aan i9on du norm tu -1 ni9 ir'79 72 •otin in 1 p7 

main 79n piN7 DNnnn nnnnn piN m majn kun pmm 

.(1 Gw = 10 9 w) Gw ")9Dn "TU mw T90D 111 1 ^ 719 1 DOPOn 7lD p9Dnn 
nimn Dmmp7Nn n^niun ■’T *?d "iT iV ?n *?ui p9on n'jun'p mnuj mmuj mn' n p 
p9on nump Dmm ,crøuu. a\iriup7N Dm7N Donnan pn n^airiD ,mmnj 

.ni99 n^a-* 

mnijin im .5 

nn nigiguj 7 uj nnapn ,7iun7 ,T9 irpn .(24 ’nu) rauipn nn79i ipP pp 

.(25 ’nu) mora min D-miuu 

DOPP9 tijupuj 

piru-m iduptu i7 nnpn irP pp *?ui nnnrn nuon 
lurm ym ipnuj mmn ut 79 mouiu n 77 pmn ymn i mmun .1 

.nu]' , P D’uip mmpm nrrp ,7\n 
.n^mn □nn-’Nn np-’in ,pio ■wn mnuin p-’-rnu ninn ijwian .2 

tin du D’ixiun D' , T , tUDnn raun pnra n7n9 iiNn nirnnnu) pon mnaipn .3 
6 • 10 8 ’JEftU "799 nmu‘7 10 14 bit/sec "IITN p"IU9 TT17UJ7 DPim .IND nni99 

.bit/sec 

.cp^nn pmn-’in prp inpu 7u muoinn omnin pun -»79 :n 38 .4 
.D v, 9V?P9i n^Ppoo D^ipnn pnpm mpmn nmn :um .5 
paDTN piDT potunn ya mirid ,nTD9iN nNOp ip-grønn .6 
pp Dipm iT" 1 ? mp mrun iaipn nnnnn mpi7u u7pn3 -pnu9 :mpi7n .7 
.mroftin - nnn'n-mn mpi7u 79p7 HD9N 1 nr ,prn *701 nprrnp’?« 

:m9~i9T?m .8 

.(grapho - DUin ,holos - N7n) N7n D1UPT) P9in7 pn Tmnn PN 
nnu) nm9i7in.n7iann Daun 7u orm urn *79 pu hun ■ , Tn l n-n7n m^a inr 
.d7uj nau 7u p-pn uj 1 n7iu mipj 799 uj ,ni99Nnn nnnn nnnn no ,7\n ppon 
:mm7N i naj , 7 punnip npn 1 ? 9 v, n) nr 1 ’? tin ppa9n ,nni9i7in n7a7 09 
nuji9 m ’imn Daunn nunra nnuji nni9i7inn 7u tip numu nnN nni7N 
.mD9Nnn roinn main mnr?Nn mui *?uj tujsp D’-'pnn nmjpinn 7u .nmjpinn 
■ 71 D mipi 7 d p7 ,Daun 7iu nnpi 7nn n^np nimnn nnm7in 7 uj mipj 797 
p7n 79 ,p- , p7n T9 pp 7 nmn7in p^unp dni paun 79 7u ut*p np^nn nmji7m 

.nnp n9im iwn nnaiun pi nnnnn 79 nN umun 


87 



DHU 



V?wi <pDn naj hk d'nti romni Di'p-'sn rmiu nrmPinn pipn 
lir 1 ] nrmon miiD »miiDD mmu yu ’TTIn on doPd ,«pDn mnNn "y^n 1 ?" in 1 ] 

.iriiDnn nN Tnon ynn ^dd □i‘? i :n .nniN hint 1 '? 
p tod .D’pniD D9on Pp*?i O’to) Dipnura tod nirruftinn nN pmnn 1 ? \m 
nt?^ nN .mim id piN nniu 1 ?] nmnn i9tro o’jjP duj 9N nnnjpin nniN •?]) 
nnnn dd .nmnmra ipn mnnnn id ,nji(D mm in rmiu pmnn o’onu nuTOnn 

.mnN mm mNDj 

w di 111 ? mm ionn *?n Twnn din mpn .nrraT?m iun du mnn mrvro -pnm 
nrn 1 ? tdh nrnjmn ion .mnms mm nD 1 u v ? otis nrnPuQ nm 11 '? nanDtu 

.(ITjdd n-’p pin) D w n 10 Dtidd 
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p^ggiH nrpp 6.2 

.tin mim jj-pn imira dujn mDiDT Dim nn - Fiber optics - d^udtn d^o 
.dfp'pu jiiinn'* ram DiT? ui'*i n^num u^uin c i v pnn‘? d^id 1 d^uoin dtpo 
liu#nn vunn .(19 ’nu) mim mmn *?u ouinn d-"U91n dti'0 *?uj irpiug ptpu 
•?oj nrn 'pud nrn) piy rourøn rmu *?tu m’nain mpn :Nin mim minn*? 
rw omir’n nr ■»Nim dnito .igrv? n*?i t , in'? nmiDTn Dnun tod ,nrauin ra’Don 
13 n 2 iiT 3 U) mpn 'pud ptidj uran D’Dom ni nmtu mpn Dud amn pum 

.ni>n 2 UJ 



nspn Nsri omug nmn pmDinn miru nninnn nimn ( pinin pm*? didi din 
. rrtPDp n'irn nnap nrnn murng dujn ,nmu D’nip .‘•røiNn imn *?ui \m»n 
.* 7 num ^umn iD 9 nnn pop D^uaiN onpun D 09 n hni du ,did' , n'p niDDin 
D^DDIN D 1 D 1 D *?UI DHJ D 9 Dn D^IDDn D"DD ,^50 //m - DND lup D’Dil DUip 
■Iidn nmujpnn lp m^r*? o^d D^DDTin n v ?n;i a^pnin*? .inN dddd 
D’ on D^s ’pu .ninura mnaj mpn ’pud pudd Dsmn n^on rai^N nN 1910*? -»dd 
ni jpm] du pudj ‘pidjduj du rumna ddd Nim ,m 'itu rrPDiu mpn dqj iddu 

ni .n 2 du nnnojn 



r n 2 r 


^nmn %p "tv d^udin prro ’puj mnnn 1 

T*N , 1 ‘ 7 DUJn pm IN DSp *7 IID^D pN P'PnUJTT IIT’DD ,npDNHD 1 D 1 U PN D^DD .1 
•Dm -1 *?iti Dm 1 uioj 9 nDitupn ip mpn nr *?d - amnunr d^ibud 
• mi 1 pip •pptunn p'pnum dut nmu 1 ? ind pop Dmn ddip .2 
D’DDU) DDi 'pib imunura - ■•■pniun am nmu 1 ? Dm 1 "pidd ro "piu odd diiid .3 
.nnN naa ditn mm in p 9 Da nirrtu Dnu nnnn ttYpu)'? inra ■>U 91 N 
DIIJ 9 N 11 DN nDllUpn IpD iDDlil U 11 D 9 - DHD 9 I 1 niIT 9 ID 1 D^UDIN D'D’DD .4 

.(50 ■*9 idud) DnT* map diddd d’dddhd lunnuin*? 
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-onum din .(mnwn in 1 pi miN t’dd'? td 19ih nrv?) tin din pøN 1 ? lir*] .5 
.mipp ■«9 , 3 dj P 9 N 1 ? pro tin niN ,nn in nmuin ttuj ■pEPN'J in - *! 

nniun tuidti - ■•'jnajn ’jjd nniD*? dtpuh icnin DTn 1 ? nmu 1 ? in 1 ! n*? .6 
.ubi wnn ,’Nis ,TV"U)i)n ( nnDn irrn jtptiu ’pu n-røa) ’jid miun 1 ? 

(vKftp) D"ugiK d^d db imuroii laian 

*?ip TDD HIN Tnn 
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mmnai irmuin 


i mg 

y = 0.01 • sin (2* • 10 t + Q^Qg • x) = 0.01 • sin (20*t + 400*x) .1 

y = 0.02 • sin (20,000Ttt + 44.4*x) .2 

X = v • T = 450 • 10~ 4 = ’n 0.045 

y = 0.02 • sin (j^~j ■ t + • x) = 0.02 • sin (2 ■ 10 4 *t + 44.4*x) 

.v = ’Jffl/n 138 ,A = 13"D 80 ,T = 17 msec .f = 60 Hz .X = ’n 2.3 .3 

T = jr = 17 msec 2*f = 120* f = 60 Hz x = X X = ’n2.3 

v = X * f = 2.3 • 60 = ’3U)/n 138 
.1.5 i o mon rnrrm , A f = o a 

.roman nrrnn 


V 2 _ X 2 -f _ 0.6583 _ , 

Vi Xi•f 0.5064 ~ 1,5 


X = ’n6.6 .5 


~ ~ 1571 


X = jr = ’n 6.6 


■T = 4 msec ,X = rrn l ,a = ’n 1.3 .6 
T = 4 msec ^ = 6283 X = ’n 10 -3 = n"n 1 

y = O .7 


y = 0.024 • sin (2* • 100 • 3 + = 0.024 • sin60600* = O 


y = -’n 0.2 .8 


y = 0.8 • cos ( S2 • t + Q 7 45 27t 10 -2 ’ x) Xxi JiNniun 


y= 0.8 • cos[2tt •(— 2 |j 1Qg + 2 ~q ’ 4 g° 2 )] = 0.8 • cos (2* • 44401.709) 

y = 0.8 • cos (2* • 0.709) = - 0.2 2* *2Ui mn'?iu mm Nmn 

(dwtq nmn) 

X = n g n o. 175 .9 

0.558 = y = 1 • sin (2* • 500 • 8 - y * 0.7) nNTMJn 

2tt * 0 7 

2* • 500 ■ 8-^— = 0.592 X = ’n 1.75-10" 4 = n"H 0.175 
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/< les 


T = 9.4 msec .10 


. ,27t 


27T ■ x 


y = 0.02 = 0.03 • sin • t - 85 q . ^-g ) '■'l™ roman 

^ . 32 • 10~ 3 - 3 SQ | = 0.7297276 T = 9.4 msec 

,y — 4 • sin287t • cos 1.4x nmiJ 73 .y = 2 » sin (287t 1.4x) :~»3UJ *?3 .11 

f = 37 Hz : v = ’301/n 42.2 : X = ’n 1.14 : y = 0.3 • sin230t • cos5.5x .12 


2 , 7rf = 230 f = 37 Hz 


= 5.5 X = ’n 1.14 


v = X • f = ’JlD/n 42.2 

v = ’]U)/D 4450 .13 


t 2 = ’JUI 0.24 :m731 


ti = — =’iuj 3.24 ‘.f'Ttn 
V N 


v a = f- = ’3U)/n 4450 
12 


V = £ = ’3U)/D 1435 .14 
f = 812 Hz .15 


’nl.54 


X = ’n 6.16 f = ^ = 812 Hz 

tø = 180° .16 


x = jr = ’n 0.5 


= n"o 25 :i80° uom unan7 n^nn 

f = 425 Hz .17 


X = n"0 80 :p7 ,73 ■'sn Nin nvinn niu yi pmn f = ^ = 425 Hz 


4.35 ■■3 .18 


Xi _ Vi 
X 2 V 2 


4.35 :p7 ,mnN n:p:iu7 “aum mniun ni niTin 


.’n i .19 


’n 1 :nih ■k røm uran do nnipi ya pmn X = ^ = ’n 2 


32 20 


T 

v = \ - = 


M- 

'25 -10 


^ = ’3U)/n 447 


\ - Y. - 447 = ’n 0 74 
A f 604 . 


,2X 7uj iuinn n^nm urin mnuj dpi veto 11 im7D 2X = n"o 148 

32 .21 
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yiiN "itt ‘puj minn rvnn tp'k ram 1 ^ = iru 37 

T -’3 0.09 .22 

~ = u "d 55 x = ’n li .'n •>sn *701 nnnn msr* rr:m3 mrrni3 

T = p ■ V 2 = p • X 2 • f 2 = 3 • 10- 5 ■ l.l 2 • 50 2 = ’J 0.09 
.T 4 = ’3 0.054 .Ta = ’] 0.096 .Ts = '3 0.216 .Ti = '3 0.864 .23 
Tt = p • f 2 • Xi 2 = 6 • 10~ 5 • 10 4 • 1.2 2 = ’3 0.864 :*?3 ‘•Hil nTUP 




t 3 = p • f 2 • x§ = 6 • io -5 • io 4 • o.4 2 = ’3 0.096 ^urn ’jj m 1 ^ 



T 4 = p • f 2 • = 6 • IO" 5 • 10 4 • 0.3 2 = ’] 0.054 '•Jill n-raP 



v = '3(0/13 1000 .24 


= VT = = ’Wn 103 


p = ’n/ri? 0.0002 .25 

V = X • f = 0.4 • 50 = '310/13 20 X ='13 0.4 p 1 ? 2.5X = '13 1 

P=^ = W = ’ n/;| "' J 2,10-4 

f = 128 Hz .26 


- $ = VSS = ’JID/D 57.7 f = J " 05 * 1“ Hz 
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y/2 '■9 113p X .27 


.y/l ■‘9 -|UjI X ,2 "’D *711 p DN v = X • f = X 2 = T 

.mrrnn nuurt tu 1 .28 
.runom ppm nirnn .29 

niTin ■'lPiu ."[iiNn jrpn v ? ini9->9si irrøn mirnra jn fvftn nrpnn 

v = x • f .iunura rim nrpnnnai id ,“?an itin oni 

.dtid tp'wn nTPnn’j nnnum nron nrpnn .30 
.rnsn jin unjrt ‘?r?u nn rv?nj ninmn d^j nsiT" rrm .31 
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Hxn mmn ? < 




(a+ø) - normn nirjon jtit 
* = (at + P) - (a - fi) = 20 




£ =180”- 2g 

nriT D 1 JD - IBOA = 180° - a 

i Rno , *adbo ranro 

lao -»M»-(r, l):M061m 

at = r + i 1^30 

* ~ 1800 ~ (2r + 2i) :AABC lim 

P = 180° - 2 a "[ion 


.35 



80 _ 20 
H 20T7 


i l^’n 1.6 .36 
:ir artium irmrj 





60 


20 


H = ’U1.6 reoimi x = TJ"D20 INDO 100 + x - 20 + x 

pn.-.im 7 ~n nmta Tttgnilg 37 



22° .38 


7Q o rpui immun rannn “iuind 

sm) «• mn m "™™„ ™„nn min 1* •(» 


iron 

JVH D2 P > 62 ° 


At\o - 22 ° nir*n nnunnn minnn nnm 
- 40 22 .(minn pin*i> rarw 



25° 40 

(nnro nvno) 2« + 50° = 180° 
a = 65° X = 25° 
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nan ns’Dii nraiu 2.3. 2.2 







d = » . cos 26° = rrn 29.7 

sin 14° 

H = ’n 2.2 .50 


H = 


1.5 

tan 30° 


tan 40° = ’13 2.2 


(so Trim Tren) x = iru 21.5 .51 



7 = 180° - 5 = 60° 
/J = 180° - 9 - | = 180° - 50° - 30° - 100° :AOAC 3 

icno _ ft 

r = a = 2 p = 40° p*7 ,(n9T)n *JIU D’Dm) 0 '' 1 pim-milD - AAOB 
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= s ‘ n ^ _ sin S0° _ j 2 
~ sinr ” sin 40° ~ 



sin22 ° = -^ r = 64° r - i = 64° - 22° = 42° 
sin r 2.4 



1 .56 


f = 5 ■ 10 14 Hz : Xi = 4000 Å : X? = 2400 Å .57 

p7 ,mn« nxQD*? *mira mnujn tf? niTin 


f = £ = ± 
X 6- 

vj = ^ = = ’Jia/n 2 ■ io 8 


10 * 


10 


7 = S- 10 14 Hz 


1.5 


:iroion nrvnr) 


x > = r = = 4000 Å 


v 2 = 


n 2 


3 • 10 8 
2.5 



= ’iuj/n 1.2 ■ io 8 pisrin tinh nrrnn 


■>. _ v 2 _ 1.2 ■ IO 8 _ „ 4nrt % 

X 2 - J - 5. 10 14 ~ 2400 ^ 


’Ol .58 


sin 30° 
sinr 


= 1.3 r = 23° 


AB = h • tanr = ’n 0.5 AC = ’D1 


i 
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.(58 TV*im tr'unn) CA = 2d • tanr = 2 • 5 • tanr = 2.5 


r-14- n = rrrlrs = 2 


sin 14° 

0° : 45° ; X ~= TTP5.5 .60 


sini=ni'sinr = — sina = — -sinr .H 

sina ni n 2 


sin/? = n 2 ■ sina = n 2 * — • sin r = nj • sin r i = /? 

n 2 



sin r = 


smi 


ni 


r = 30° .3 


Xi - di - tanr = T3"0 2.3 


^ = 02 a = 24 o 


dt 


d 2 


sina ni 
X 2 = d 2 ♦ tana = D"D 3.2 
x r = tro 5.5 
n = 1.65 .61 

60 + 51 


sin- 


n = 


. 60 
sin T 


= 1.65 


A = 45° .62 


. A + 22 
sin—=— 


. A 
smj 


A A A 

1.44 • siny = siny • cos 11° + sin 11° * cosy 


0.46 • siny = 0.19- cosy tany = 0.41 A = 45° 



icmro 09QJT3 •«)■? 







1 2 3 Av = WB 27 ; 10 s .65 

n “v Vp ~ V 53 & = ‘M/D 1-96 • IO 8 


v« = ^4? “ ’3UJ/n 1.987-10 8 


Av = ’M/n 27-10 5 


n = 1.33 .66 

V D ’ 1 J = X 2 • f = 442 • IO" 9 • 5 • 10 14 = ’JOJ/n 2.25 • 10 8 

c 3 • IO 8 , „„ 


n = - = 


v 2.2 • IO 8 


= 1.33 


n> p 1 ? cm™ ■pir* nrniNn dj Tnn dj »dun itfra yn dPdddd dn .67 
T"jn •?!) tn o ,piT itfi'92 UJnniun‘2 ur* /'ywr Nup*? nj .Nnp 1 ? ppi 
uranum 1 ? ur» /aiu" Ninp 1 ? 'hd ,DNnra .nmmu irmiN hnu pien 

.DUN 
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mim nunn 2.4 

24.6° .1 40.5° .2 42^ .2 50^_ .N .68 

X = tTP 5 .69 

M nup] 1 ? Pim .momnn ihnst* p*uj D^jipniu nnnnN nti m mipj 
:n»irlp mr wn m mipn nir-nan mi .nnnj nunn numinn 



:AOMK a 


sini c = ^ i c = 42° 



<K = 60°,(42°P nnPinn)-* M= 48° 

< O = 180° - 48° - 60° = 72° 

4 x 

. . co = iD-’O'iro mm pp 
sin 48° sin 72° 

x = n"D S AM = 8 - 5 = tru 3 

A = 24.6° .70 


mmp mm jidjid nui hn n^mn pra nhji np pp 


smi c = 


2.4 


i c = 24.6 A = i c = 24.6° 
(ircjiNn irroPs nu nm) 


sin 25° 


1.5 


r« = 25° .71 
n = 16° 


sin ri 

imam pm nuran nnr 

180° - 16° - 120° = 44° 
n’DIDT rap - i c - 42° 
.mim nunn ntumnn pp 
imarPion pra mman mu 
o^npn pnn jvorPum pm 90° - [180° - 60° -(90° - 44°)] = 16° 

.25° ir*ra Nun ppn pp ,roia»nn pmuj mp yian 

1 72 
X = T3"P 3 .73 

- n’jujn prn nran mu .0° nui mu n nmnuj yx nmujNU pra 
niumnn pp ,sini c = pg i c = 39° rniDinn Pui munp mu .60° 
.nTato Pa iwjtpi iittem nuna ppn iruiPtun pra .mim nunn 
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u = 9.6° .75 
pvrnn Nnn N7 yipnoo ^un 2nn 
.irimp jt*ti 7qj nan am murn 

sin i c = J i c - 39° 

r = 180° - 135® - 39° = 6° 


sin i 
sin 6° 


1.6 


Ur = 9.6® 


v = '3UI/T3 1.92 • 10 8 .76 

V = V 56 & = Ja,/tl 1,92 ’ 10 “ 



sini c = - 50® .77 

niumnn - 56® > 50® 
.miru mmn 

33° - D-»m ; 25° - THQ .78 
i c = 25® :TUQ oi^n 1 


sini c = 


1.3 

2.4 


i c = 33® :D i m or?n> 



103 






H = 'XI 8 .80 


sini c = i c = 50° 

D = 2H • tanSO® 


S = 


itD 2 


c (4H 2 • tan 2 50°) 

^ ” A 


(79 mim irann) 
H = ’n 8 



n = 1.25 ; h = P"D7 .81 
tani c = | k-5y11-gjl55 --l. 2S.il 

h = 6 • tan 50° = TTE 7 i c = 50° mn .1 


nxn ito 2.6 


I = lo • cos 2 90® = o :ir:mpn '»jqj'p .82 
I = lo • cos 2 « • cos 2 (90® - «) = lo • sin 2 a • cos 2 a tE^opn nU)T?(ir? 



I = x ’ sin 2 2a ^ 0 
4 


2 nm io .83 

I = lo • cos 2 a 


nr)] 5.5 .84 


I 1 - 2 ^ 

0 cos 2 a*cos 2 g cos 2 20® • cos 2 50® 


g = 30® .85 

r = cos 2 « = i a = 55® ^ = cos 2 « ■ cos 2 g = i ■ cos 2 g g = 30° 

1.8 **9 .86 

a = 30® g = 30® ~ = cos 2 30® • cos 2 30° = 
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lpg n D31 1TOTO IllDlU 2.8 
r? 0 = 10 • R • X 


R = ’n 3.8 .87 


= (S -10- 3 ) 2 = , , 8 

R 10 • 0.65 • 10 e ” 3,8 


X = 0.486 fim .88 

r 2 2 7 2 • 10-® „ „ 0 ^ 

m • R 6 • 2.5 n 

Ar = rrn 0.49 .89 

r = -Jm • R • X Ar = \fm • R • Xj - a/hi • R • X 2 = Trn 0.49 

Xa- 0.72 (tm .90 


r _ rj _ r 4 
K " 6Xi 4X 2 



6Xi = 4X 2 :njnion N7 uran omra yr ton 

d = 30 fjm .91 


sina = 


6 • 10' 7 
2 • 10" 8 


= 3 • 10-“ 


d = 1 - sina = • 3 • 10“ 4 = ’n 30 ♦ 10" 6 


X = 0.8 «m .92 

sina= p = ~ — APa =8 • 10 -4 X=y • sina - 10 -3 * 8 • 10 _4 =0.8 fim 

1 o • 10 

y? = lrn 1.3 .93 

X, 450 • 10- 9 _ r r in _ 4 _ _ X 2 _ 0.75 • 10~ e . - 

sma= rr o.8. lo ^ - 5 - 6 * 10 y2_ ^ - 5.6 • io -4 n 13 

d?. = 40 Mm .94 

x di d 2 j di • yi _10“ 5 • 2.4 • 10 _3 _^ rt 

X = y • sina f • yi=f • y 2 d 2 =-^- 0 6 . 10 -3 - 40 

ri = irtl 0.63 .95 

n = a/R * x = 6.3 • 10 -4 m = irn 0.63 

m = 12 .96 

4 • IO" 6 


m = 


R - X ~ 0.5 • 6775 • 10" 


= 12 
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*~ 2 — = 65 ° : nu"*J 3 Dn jttt 

:iP9iN‘p n^mn irn Jim 

90 ° - 65 ° = 25 ° 


|.100 


nrra msu nw jrarfr -*id 

DN niNT? -p-« NW ,«■??! 
,ppn .□"Pin iiNi uimn 
nujiø ,u»nnn nNurn 
N^n p“? ,o° mn nmra 
INDn .-pr nnwn mnn 
n^nnn *?tu »uiPij nnpj 
nmra a irra mma D'Pnnn tpmp .u»nn ram irpiV? rans 
m i n 1 7 rD’is nNinn *?uj finnnn nnpjuj uwn n^uftiiun ymura .ctd' 1 ? 

| nNmn rra .din ■jib ~ ram 



7° .101 


iminon nNmn on tana = 


0.5 

~2~ a = 14 'numnn ppn iv'ou mr 


n^DD jfit p*? .(il ’mn 33 irin ond 2x i nuio mnrmn ppn ,x rrra 

.7° N-*n nNinn 

rru 8.66 .102 

AB = 5 • sin 30 ° = 13 "U 2.5 
AAi = AA 2 = I 3 "U 5 

AiA 2 = 2 AAi • cos 30 ° = D"D 8.66 

f = D"P 50 .103 

1 
2 



v 

u 


v = 13" O 75 

I + i 

U V 


1 

f 


u “ 2 v u - V = D"D 75 
U = 13 "D 150 
f = D"D 50 


r _ V 
1 ~u 


R = 13 " U 50 .104 
f = 13 "D 54,5 ; V = 13 "D 15 .105 


r = 15 


600 
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ITPD'J TUU’PD 1“lp TT’PUJJ ‘‘091N TS “71) HTIpJ *?UJ mm mn*7 ■'ID .106 

uuann rnnpi .pp^ ^opnn mum ■win tu mTaun m mn pn .nrnnn 
,mmpn .F’ ramn ipin mipi ‘•nu ipinn wn dd muin ■*id 9 in ts *?ui 
■ppn .njujn ipin in mnnin .mtun ■'uoin ts 1 ? 'Jnpm nfnm mDJi9n 
nirrn rnmin ppn p 1 ? ,T 3 m in mi) Nin '3 .■‘Uini ■*U9tn ns im mirnn 
■•æNn ->u 9 i« ts du mura ipra pi rnininn ppn *?ui ujjgnn nNsiro .in 

.A mipi “Jul mm w - A’ 



H = 2.3 . u = D"D 21.4 .107 


f = J = D"D 15 


1 


= i-r = Å-Å u = D"D 21.4 H= =2.3 


1 = 1-1 
v f u 

v = -irozz.s 


u “ f v " 15 50 

.nTrnm nrnr .mnn mm .r = n w o 18 .muT? i mi N7 .108 

lunn *7u nmNi*? imi an nnnn mm p*7 u < f 


r v 
i ~ u 


r = 8 ^q 2 — = 0"U 18 


f = | = D"OlZ 


.36 ’nra 6 mpn - mmn mm 
nnun mion .mcinn mm ; H = 1 .109 
.36 ’nm 4 mpn - mmn mm u = 2f = R 
H = 1.5 jftijim mi9n .mmnn mm .v = n"q_3Q .110 

1 = 1-1 
V f u 


v = n w u 30 


H-g 


1.5 


.36 ’nm 5 mpn - mm mm 

y 9 = Q 20.8 .111 


F = é + å f = Trt58 U2 = n w o 13 ^ = v 2 = n"nzo.8 


2 _ 1 + !■_ JL + _L_ 

R ■ u v 18 -28 


R = n"D 100.8 .112 
R = D"D 100.8 
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f = IT O 90 


v 

u 


^ = 3 
ui 


1 

f ' 
4 

3uj 


vi 

uil 

|X2 

lu 2 


u = 3v 


v t = 3ui 
4 


1 + J_ = 1 + _L_ 

Ui v i Ui 3ui 3ui 


(35 ’mj3 mpp) .mugn om .ti .U3 
(36 ’nu 6 mon) mrmm irniD 1 om .a 

v = 13" O 120 .114 

v * n ''’ 120 

f = 1TD 90 .115 

v 2 = 2 u 2 

3 


a.,2 

U 2 


4 = 1 + 1 = 1 + J_ 

f u 2 v 2 u 2 2 u 2 2u 2 


2 • (m+ 15) 


ui = 1TO 120 


f = ~ = ITO 90 


= 4 

= 2 


Vi - 4ui 
v 2 = 2u 2 


M .116 

U2 = 1TO 15 ; ui = ITO 37.5 .117 
1 + ^- = ^7 = ^ ui = n«037.5 


ui 4ui 4u t 

1 + 1 - 1 


u 2 -2u 2 2 u 2 30 


= ™ u 2 = n"0 15 


.36 ’nui 6 1 5 mpn - mm mm 

f = n w O 120 .118 

1^1 = 2 u = 60 + f v = 2 • (60 + f) 

F = 6oVf + 2 » (60 + f) = 2 • (60 + f) 3f= 120 + 2f f =VV120 

R = n"P 41.7 .mioii nNin .119 

TiNim .mmp »rn rannn p*7,mainn nu im*?3 ,iunn *?u nmpnn mm 

, 13*73 nnrm mm n^ipn mmp 

S = 5 V = D«0 125 1 + I ^ = 2 R = 1TO 41.7 

.36 'nu 5 mpn - mmn mm 

v = -iro 6 .120 


.37 ’nu - mmn mm I = = v = _ n »o 6 

v R u -24 12 

.mun niomn ,nmin mm ,u = iro 30 .121 

1 _ 1 l _ 1 1 

u f v -15 -10 u - n " D 30 
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1 = P"0 4 .122 


f = | = -TTO 10 


1.1 1 _ 1 J_ 

u f v ~ -10 -5 


u = iro io 



r 

1 


1 = 


u • r io -2 


= iro4 


R = -tro 33 .123 


.(ronnn -ninan nso] prnnnnj lin - mm) u = -n"0 95 



+ 


i 

-20 


f = -O"O 4 



R = -TTU 33 

H = 0.44 ; v = -1TO 2.2 .124 
V = -TTU 2.2 H = |jj| = 0.44 


.37 ’no - mtnn rv , n 

3.125 

iimm 1 moip ''nun inrnl id 1 tit jido nnn ynn9l .126 
nrnmpu nm pi rnn iraiu nti .mrm osd *?uj nnsp rrannn ppn .1 

.M 

li9ra oNui TPsn tj! mani ino ,nunnn imf? mim mr;i9n mum pmn .2 
tu ramn ,nni 9 nn mmn nspi oson nsp in rraiun ,ppn ,mmn tin 

.n nNsm nNinniu Dipm wn ' 1 u9iN 





(nro nniNn) miop nnin nnup nNinn pi ( nni9n mmn 
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X = 8 r 


3 3 9 

1 = i r + 8 r = 8 f 


A = |r.130 

.(36 ’nu 4 mpn) vi = r = 2f p 1 ? ui = r = 2f :pnnnn rann 1 hit m 1 ? 
ua = 2r = 4f nr»»nnn-wiru> 


4. 2 

V2 = 5 f = 5 r 


v -u = ’n 1.5 


v = iro 200 


I- = 4 


u = n"0 50 


v = 4u 


A = Vj - v 2 = 

f = D"0 40 .131 
4u - u = 150 


1 = 1 + I 

f V u 


f = tro 40 


v = -n"o 120 u = ti"o 30 -v + u = 150 v = -4u iirann mtnn on 

i-I + I = J_ + _i- f = n"O 40 

f ■ u v 30 -120 


pi tttitp o in ronm miwion o«npn P p*? ,nnn i nn o* i oso nr o .132 
- o* in TiiTtn N’n D’Tipn *?d tod .ao’ *? ^’Dpoi ob pp d'Tddd . 0 ’ 
nnt?N*? oid^ui AO’ i ob o^npui in ru p*? ,T*an u^npn Won .bo* 
f* pi .F’ mura ipirn irrouai p nimn nnN .mnm noran »n'rzipn 
ts db ipmn nupn “juj inv , m ^uaiN ts 1 ? iiwnn ppion nora u'O'Q 

.F - HNTOn *?U 1 ■'UJNl IpTO Nlil TO 31 N 
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F = Cn - i) . (X _ 1 v , ■ 

( R, R 2 ^ ~ (1.41 - 1) . ( 




*' R2 ' ‘CT-=£«> = 2.7 D 

r = (n-l).(i_l, , 

/W » *„ i. (n .„ x OS.« 

IV f = -n-o m 


,Irø? 10nv n ™ n mjrnn mr ^ 3 ( ~ 50 ~ “ 3o) 

*n 'dip iiBrn.ii >„ ,r™ D7l7 „ MS 

• y ! Jf ’lrø f pi -H’OI 10|J n®m 1 b „ lnn;) 

g-r -2 D .146 


niigo ntOTun 
■ n = 1.47 .144 
1 


F - r = (n ' 1) • (- - Jl) 
<*> R 2 


• C 1 - J-) = - 


2D 


R = « - mop« nuto m 

J2_1_L6 .147 

•iun! nrznn nioia 


F * = « = (n 2 - i). ( 1 _ i_i 
R i R 2 j 

FaS - l3 (?-l).'(I.i ) 

•‘7T1J1 mi90 nunn 

-8=-52-lI _ (n 2 - 1) • n, 0 5 . n ^ ^ ^ ^ niNlllBDn ™ 
nf ~ 1 - 12 - 8n.= o.5„, „ I=1 . 6 


i = 1_1 

U f y 


U = D"U 15 


r _ v 
1 u 


i w | 

A7 nu 5 mpn - mmn n^n 

i-^-&075.149 


, _ 15 • 3 
~ ~60~ = n "O0.75 
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= -n"0 120 * 151 

;*nDmumn imft iW "™nn ' mmn 

. , 4 i s _ i Vl = n"o 200 :n^nnmm n 

0-« u + V = V + v = v ~ 40 


. 1 + _L = ± + i- 

= 4 - + - v v -v 


V2 = -tto 120 ■nrmn mm -i 


V2 = n^40_^JO6g- 152 


v + u = 100 u v iw ' ' ' . _ n , (T1 4 o 

vi = n"u60 Ui = n 040 
v „ = n"o40 «2 - n"0 6 riono 1 ? urum ‘ , i u) D1U1 ’ 

n^nno jrpnim vnxsaa mmi ohbuj n 1 ' . nun un row«. 

H = 2 f = 0"0 20 .153 

lv| f = TI"O 20 

! 1 _1_ H = £| = 2 

f - To + -20 ■■ = n"O90 .154 

i 1 1 1 _ i. u = H"0 90 


ti i i _L 
U v " 100 - V V 24 


v 2 - 100v + 2400 - 0 


i_ X + J_ 

f - 10 -20 


H = - = 2 

u 


12 _ |v 
3 lu 


ri = 5 


v = 2u 


_ 4 v = 4u 


1 1 ll=i 

5 + v = S + 2u 60 


47 ’ nu 5 mpo - mmn mm 

u = rroli - 155 


,111 _ 5_ = _L 

■s *5'*“ 20 


u = TI" O 25 
v = n"Q 150 -156 


^nn.onmpnnnmo^mnN^nnmmn 


1 1 _5 + 1 =6 = 4 

u V V V V 


u = -iro 30 
1=1-1=4 

v f u 


v = TI" O 150 
v = n"Ol4 .157 

.(o^npn ’otuTiTi) irnnn osu 
v = ir o 14 


v f u .imn^TSTiun'J^omipniPnm 

.C« V>P ^ ™”wn m> roum 'tt>w tj ™ 

irotm ™ F- rom li™ ‘ ' yiw w romi . h PP 

-impn ’™ ™ A mm mm ,A- mp>"™“ 

.miunn mm - A nn,UJ u 
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V = -D"D 38 .250 


1_ 1 J_ 

70 

F = -5D. F = -ID .251 


V -83 ~ 70 V ~ - D"D 38 


1 = J_ + = 

f 25 -20 100 

1 = 1 + J_ 

f oo -20 


F “r":*=ro“ _2D 


f = -D"D 100 


F = iy = -ID .N 


f = -D"0 20 F = 


1 


= -5D .1 


- 0.2 

F = -2D .F = 2D .252 

F = i = -L + 1 = _1_ — 2D 
h f 25 -50 50 20 


rmNl TTIP .253 

TiNi N"i .y , u-D‘ , n mim nyjNn mi 1 pm nniuw o^np vd-tin uum 

.iF9n tuipi npT? Nin 
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F = -8D .254 


f = 353 = -VJiiS 

11 1 _ -4 

f 50 + -10 50 


1 _ 1 1 

v ” -18 25 

f = -O" O 12.5 


F = 


1 


-12.5 


-n"u io 


= -8D 


dipptwmi 4.2 


Vi fo Ui 0.8 0.85 


Mmoi - 67 ,v 2 = -fl"U 24 .255 
vi = tru 13.6 .71 ’mn n‘ , ujin 


u 2 = d - Vi = 18.4 - 13.6 = D''U 4.8 — = |-~ v 2 =-ll"U24 

V 2 o 4.o 

_ (Vi - fo) -25 _ 12.8 .25 _ „ 

Mmtn -fWi ” 6.8 • 6 “ 67 


M; 


nun 


= 50 .v 3 = -U"U 100 .256 


v, = n -oii 


u 2 = d - vi = 15 - 11 = U"U 4 


u 3 = tro 20 :tr n 9jjum‘? uhu im ^ | - 5 = v 2 = -tro 20 


r 3 = i =' 00.25 = 0-025 4 = års> = !M 


v 3 = -tro 100 


.. 10 • 25 zr . 

Mmfn = ^ . 5 = 50 


.yun 7 id irrn mrn pmn mi 
71'tun tntnui M mQJ = 123.6 .u, = tro 0.52 .257 
1 = ^ ^ u 2 = tru 4.2 Vi = d — u 2 = 15 - 4.2 = tro 10.8 


u 2 

J_ _ j. _1 

u 1 0.5 10 

M max 


-g Ui = tTU0.52 H r = 


Vi 

v 2 

Ui 

■ U 2 


10.8 - 25 
0.52 -4.2 


=123.6 


+ 1) = 123.6 


1 


_ (vi - f 0 ) ,25 . 10.8 - 0.5 ,2 

- .fo ' ( f7 +1) 0 5 * ( - 

r = trt)3.76 .d = tro9.1 .258 
1 1 


f 2 = J2 = ’n 0.083 = n"U8.3 


1 


u 2 =. T1"U 6.1 


Vi 0.5 0.6 0.33 

I 3 • 23 I 

H = logfil = 188 


u 2 8.3 —23 

vi = ti "0 3 d = Vi + u 2 = tru 9.1 

r = 1 • H = 0.2 • 18.8 = irn 3.76 
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Mg = 7.9 .259 


M «*» = * f e = 200 


Vi + U 2 - 16 


X + _i_ = _ 

u 2 -25 f, 


1 


u 2 = 


25 *f e 


25 + f e 
25vi - 12.5 = 100f c 

lOOfi + 2737.5f e - 9687.5 = 0 


Vi = 16 - u 2 = 16 


25f, 


e _ _ 


25 + fe 


400 - 9f e 
25 + fg 


25.400^9fe_i2_ 5 = ioo fc 


25 + f e 


f e = 3.17 


25 

fe 


M e = ~ = 7.9 


f D = 13" O 0.3 .260 


111 29 

5i'4-=55 = iW U2 = D"D 3.4 u 2 + „ = 18 v,=mU.I 
M^.» Vi r f ° • ^ = 300 V, - f„ = m„ V, = 49f» f 0 = 0.3 

I O ’ 

Mm/n = 100 .261 


u 2 5 -25 


u 2 ^ n"D 4.2 Vi = d — u 2 = 21 - 4.2 = 13"U 16.8 


w _ Vi - fo 25 _ 16.8 -0.8 25 _ 

M mi „ - -f— * f-- — 0 X“ • T - 100 


- Vi - fp 25 _ 


Mmin = • o 5 

L = 1 

Vi f 0 0.61 


= 1260 

vi = 


fn = 13"T3 6 .262 
vi - f a = 63f o vi = 64f 0 
0.61f o _ 


0.61 - f Q 


= 64f c 


fo = 13"1D 6 


fe = 13" O 0.5 .263 


■ ?T 2500 v.=30f* + 0.3 


u 2 = 


25f c 


25 + fg 
29f| + 735fg - 375 = 0 


• £,=2000 


vi+u 2 - f Q - f e =30fg + 0.3 + 


25f c 
25 +.f« 


vi = 49f 0 


- 0.3 - f e =15 

f e = 13"0 0.5 
f„ = 13" O 0.39 .264 

1 _ 1 1 
u 2 fe —25 


u 2 = 13"D0.59 u 2 + vi - f 0 - fg = 0.59 + 49f„ - f„ - 0.6 = 18.5 
48f 0 . = 18.51 ^ f 0 = 13"D 0.39 
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aiiHnu 4.3 

,T?ipiNl IPUpniN ‘PUJ UH9H IN D'IDO'? illlU) 1DH1N DipuPm .N .265 

.D'npinn DiDon ‘jhj i:mN aiponp^m 
irtna d^ij nu - mpoPu ,Drmpi o’iup utod du hud 9 ipDnp-«n .2 

.rppimi 

,rara nPun nupn 1 ? hd “?hj nvn 1 ? -pis irup^iNn ipin gipoPm .3 
.(■pap Dmiun T?ipiNn ipin) iup nm 1 ? -pis zpupmNn ipin 9ijnmp , rd 

0b 0c M = Y < 1 .njuprr? iD9in nPun .266 



M = 20 .267 
8 


AVI D u aa 

M = ■=*- - -3 = n~A 20 

f e d 0.4 


ff = 6 . 25 ° .268 
ff = ^ - 0 . 5 ° = 6 . 25 ° 


TTP 0.36 3 .269 

.zrup'aiNn ipin du iDPnn iujn lPipiNn ipina nra*? n:ris mm o 


l _ l l _ l 1 

v f u 0.6 ~ 100 


v = D"D 60.36 


dn mn 1 ? up pp pupniNn ipinn n"D 0.36 pmm nPnpnn mmn n"t 
. lPipiNn ipira Pipnn mmn tni ,iPipiNn pim n"D 0.36 2 rup-aiNn 

M = 2.8 .270 


1 _ 1 1 _ 7 
U2 5 —30 30 


u 2 = n"D 4.3 M ~~^ = ~ = 2.8 




d = D"D 3.67 ,M = 140 .1 = D"D 604.3 .271 
— = J u 2 = D"D 4.3 1 = 600 + 4.3 - 604.3 

M = ^ = ^=140 ff = 3’- 140 = 420’ = 7° 

d = 2 • 30 • tan 3.5°= D"D 3.67 

d = *P 475 .272 

M = 800 = ^ = - a = = 1.25 • 10" 6 Rad 

f e a 800 

d = 2r • tan| = 2 ■ 380 • 10 6 • tan0.625 • 10” 6 = ’D475 
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M = U. - 45 _ Xg. = 13"O 36 .f g = p" 0 d 273 

fe 5 ~ 9 i = 45 - s = iro 40 ,-vjvjj aipo-?ua 

fo + f e = 40 X" = o - _ 

f * ° 9f<? 10f « = 40 n&gp gipo'jua 

fo = 13" 0 36 

fe = D"0 <\ 

pmm awaiN "Jri) imm n-m™ „ a = n*D 1 77 a 

Nsmn ,Drø 1 U u'JDnpn vmJ ■' lro ™' ? 1™*> sipoion uro 

1 x , -»o .-mi™ ?, Tpm ou TOm,i« o-o 24 

5 = 24 - 605 v = D - D25 :n22 P n n mmu, D6prnm 

^ 1pm «**’™ ™» - ^ TO , „ 
J_ = 1_J__33 L= P"0 31 .27«; 

“ 2 8 ~ 25 ' 200 u 2 = n"06 1 = 25 + 6 = iro 31 






utOvtv 1 iinaiim 4.4 


r - n»n S.1 -V " T3"g AJi- 278 
V = T3"0 6.12 

,, . v __ 7 c . iJl = n"0 5.1 

! = !• TT"" 300 


1 1 1 

v = f ' u = 6 300 300 

I = £l 

-*» - 7 rr 

v “ f 0.5 


x = »"0 25 279 


1 - 1 + 2 - - 
V "f x 

1 _L - I + 2 - - 
f ~03 f x 


:Tiunun nu 


l 


= 4 


x = *13 0.25 = 13"0 25 

F = 4D .280 


1 1 


£14 «= “ r 


=4D 


7 =4 .0^8 v=tr0 26 .7 F= - + v"4 + 0.27 
1 12 u = y3"U148.5.281 


1 1 = J__ 

u v 13.5 
V = n"0 14.85 


i _ i __L_ 

V " 8 450 


v _ X 
u ~ 10 


u = 10v 


1 + l = -±- 

10v v 13.5 


u = T3"D 148.5 

DJTn.282 


, v _ , = n"0 2.17 

ITU 8.14 1 = 1 * u " 120 450 

.,ro 2.17 < o"o 3.5 r> D3TI1 vun 7U) irmnn 


144 









*-K\ 


ri = *110.83 .287 


r.,!i = E2 ^ = 


12 

(2.5 - n) s 


100 

(2.5 - ri) 2 


n = *110.83 



ø = 2513 Im .288 
ø = I • w = 4* ♦ I 
rr = *111 .r, = ’D 9 .289 

!i r x Ei | E 2 r 2 fe „ _ I _ 25 _ , 8 

® ® r 2 r ?“ (1.8-n) 2 

^ r \ - 10ri + 9 = 0 

.'lin *?uj is inm jtinstii nnun Tim - n = ’n 9 r 2 = ’n 7.2 
•Tin ■'is Tan mNsm nnun - n’ = *n 1 r 2 * = ’n 0.8 
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E = 21.7 lux .295 




1.13 ‘‘9 .296 


' n 2 -pnn -ju) mm mur 1 bnbb 

s-a pmm >*ron ,n™ ™ ’™ 1 P 

P E, = i '.x’n A s ^ A ? 

:^n nmnn bu h?toti mann 


_ -~r^^- 2.53a 

AS < = ^K2^ r 2^ r “ s135 ' V 

2.53a „ = 340 :oWU U91UB ^ 

- ~ 7 ~~ r: ’5 5 

I 1 • cos 34° - j_ . i.13 

- a 2 a 2 (5 + V^) a 


2a _ _ _ 

sina sin 135° 



5a = 1.13 

Ei 



P _ i _ v 

E ' ^ " S 


0 = 3.75 lm -297 

_ i •s . LlS 

ø = I • Wi + i ■ w 2 - -pr r 2 

S 96 • 0.5 96_^5 = 3 75 lm 

ø - 45 8 2 

p = ng 1000 .298 

[fTs _ f l~ oT 4^~10 ^ _ , n 10OO 
400 • 10 13 

R = ’B 3.5 .299 


ø 


[P v 

v= 100% -37.5% = 62.5% e =r# * S5 \TÉ'"\ 100 

17 R = 'B 
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CO|^ 



U’W TWri tjou 5 - 40 
d ~ 20 


R 2 =I 2 + \2 _ 2 . , 1 „ £-^_16JU£ -300 

M-cosiiovdmpmojn^ 

'ni.6 p _ i 

RZ ,c os 35 ° = 16 lux 



E - 400 luv xrif 

norrøn TDmj niKtn d^utpyid) 

E rr 1 25 

f 2 07252 ~ 400 lux 

cr;^~"r ^“ 2 

i nnmn ^uiNf *»3 

2 ~ n " D 25 .,T?^pn nnrtra 


P - 1 I 

1 f 2 ~ Os 2 
Ez “247752 


• nNm du m«n 

•hnid ^2 man 

Ex _ 24.75 2 
E2 1T25 2 " ~ 9801 


£lJ ^gXii^I iL ^ I2S00 lu, m , 

2 :imm ’™ TW> *1 nna 


1 il iin irwnn ,im> Irn ninan ttuuiuj ix> , mnm , 


r - 10 000 

4 -2500 lux :,nrmn vso 5^ 


7tD 2 

s 2 _ 4~ 
Su ~ wd 2 
4 
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E 2 = El + 


• pttq nuiun mNTl 




(AD) 2 =4 l 2 + 2 l 2 - 2yf2 l 2 • cos 13S°=8 l 2 


iOlPUlp 09(1)0 "'9'? 
AD = 2.8-1 


AD 

sin 135° 


AC 

sin <CDA 


sin <CDA= 


sin 135° • bj2 

2.8 1 


=0.35 iOTPU 09010 ’D 1 ? 


<CDA= 21° 

AK = y/9 l 2 + l 2 = 1^10 




3 _ I-0.095 
yflO F 



AC = y/8 


E = 40.6 lux .306 

.nNira immm inuu npoo roDno fpPPd man 

Er= ^2 + g ' cos45°=40.6 lux 


'n 2 
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np’ooixa onnaj maun »idj 

np'ooix-nopVxi 


1 "MCJ 


•iT?uu 'hit mirr? VJlJln 12 ' nm 'ira JJjn 

•røn iDnunn jin amn 



nnT m ™ -°^n ma^na'wan C”n™ ™* n ™ w 

. Pi?nuj 'V iwn aijjD m 

- --- .<v?am imw mani nTauim nmaan 

i oah r~-——- 


------ L | 1 j 

■Tunn nrami tnpn n* rtn sin i - e < • . 

r " ,s, ni - fCsinr) <pj ana 

ra ’ J3n ™ »> -na w, *, D 1 i™ ™™ ^ iftir 

™ *™ ™ asm nwpn n ™ ™ -P ™> Tpn m , ra 

" K »-* ■ - 

nujjon 
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2 WJ 


pr.mii 

. 53 - 51 ^ 1^^.48 - 44 ^^ 1 )^ 

a on ,dsd ,iw -»ip« ' nnnn nurm ' ,U9W ' 7D3a 


nu lign DSU 


■.(IMS) 


; ntan no-rom nx »" 22ESU23B 
-\ nunu *V1 


__ rr.-™ raniroi osro vs P™ “i 1 

-toti .uhdh *3iu mra mon 1. ‘ wm irn rfrujsn *?u 

p ioo ooooo mxronn m onmn ml raw) m ono ron ron 


i B -0 h= t 


1 - 1 _ f ri) cni trcntn 

rø cpan itu -pirnn nrnpi 'ra munura nn - v - C u 

7s)sD no. o»,oro ^wmva >™» « 

.nopon pon ttoioH oo nraml 1™™ "jT.ninon ipm nx pnno ’io 
pro, mmo nx xro .u = 2f poom osro nx .mono ox 

.o^npn pon oro» t moro nrox .u < f P-noo nroro m nro 
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3 T )0 1 J 


;nmi lunnoiigo 

.68 - 6 7 'mo rUDH v r;nn .66 - 65 1 28 '003 Tmo opi 
.Twn rpsDD rrm ,n9’po jntu ,(irmm jtddui) -iunnup9D :mmn Tren 



.1° mu 1 ? Q-’Nrm rftpon *?o d w o ‘pd inYPD .n ,, ol= 2 ^ 6 ‘ 0 Q 
mo "P33 038 33 3w oip^n n*?3U3 oiuni rfppun ‘po jniun yn ras 


4 mo 

3 mo 

2 nu 

i mo 

IDS 






















iv?3ud omra do ohin nruum ddiqi omun doiuj coih ‘puj yin ■'dtin fin num 

m ■ X = d • sina ID^ompn 
.nupon pon ? d’dis ditw irai DNn .yiNj mo do 'nipjn "po nm 
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4 '•ICJ 


ipnanung 

.83 - 81 'nm nnn v 2\nn .80 - 79 'lrn ■•jpd upn 

.■7310 ,un 7 mn »nonDpiP :unnn n^n 
.om id ippmm mNin ■>iruj nnn .'R pPn monn T?nn 
.nmnP jiwjuj c i i oin upn unuj Møn ,nnn iunn py nnu)P up 


X 

®- 


mnopiP 


:nPnm niNHinn fin oiuni mim Pin nmiu D’pmm mNnn na irra 


n"o 15 

n"n 12 

n"o 8 

n"D 5 

nm 2 

X 






E 





_ 1 

X 2 


? niNn nipnn mpmnm man pn om inn .e = f (x 2 ) c p;i utniu 

.*rann mpmnra man nnn .a ppn 
.Tsnn nipimra man nrui mm n "0 5 und npnn pmn mp 

__ ~ 

- [* )] 



• ) 

n"u 3 

n"o 2 

rro l 

0 

X 





E 


.cpjnn nupon pon .E = f(x) c p;i uunu 
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niNin 


.40 - 39 'mn njDn Pmn ,37 - 33 -nun tt>u upn 

nnn du tin npn ,nmnp nNm ,nTiup riNin ,nf?un nY? :unnn irsn 

.DTPin 

.nnup narn :TOTn T?nn 

•?u nNinn mis jin pnun .miup nNm mn v'pui nPun nr? *?u p’? tt mn 
npinn nup? dn nxd .rmnn 'pn ,DTrnnn yn nroiun pmipn hn yra .ttd 
•HN nnn *?ui npmnpun i:m nn numn mnn .TTn *?u nniN pnum nNinn *?u) 
? DTra omn inn .ipinn du hun mnum nannn om mn 




.nnnp nNin 

.iunnn ■?« tmpn nnf?N nN yra .rnnnp num r*?m nT?un nf? “?u tt mn 
nu irnminn Dmpn nu lumn .ronn rvnnnnn .nmpn rim rmnn mis pnun 
nu li 1 ? nm nmun nunnn om nud num rrmn .nannn ipin mm yiiDTe 

? mpin pn n*nnn omp umn inn .miup ni>nn 
\ .nupon pon 


6 vxn 


nunn 

.27 'nm nm ,26 - 24 'nin nna upn 

.H30U 1 u‘7to ,iui9 nh ,nn*? in ymi mn ,D->:ropn niu :mmn man 

inran rmun :mn monn T?nn 

pro mu 

< 8 ^ 

i nupn 2 nupn ini9 Nn 



nnnn hn mn .imin nw diws’ 2 im73 pnNn mn*? tmupnn n 9Ui n« jra 
iin tud mm om 1 } 30 ° mi inirmu id o'aupnn in« ot .11319 ndh nN 1 !r:i 
niNHinn iin mani traupnn ya nuiiu nrn nnnn nN mnP yuinn .nnnn 

.n'Jim 


a 

30° 

60° 

90° 

120° 

150° 

180° 

210° 

240° 

B 









cos a 










.nnpon pon .v = f(cosa) c p;i amui 


158 















7 T )0 1 J 

•røm bhiiim 


. 9-7 'nra nDn 'Pmui ,6 'nin i jpd upi 
.mpipoin .■pai’j'TT nnnP ira p 90 ,tnmu d^PiP pnn :aimn Tran 
.'im lim ‘3 50 Puj nPipuro D^un nnunn nN mm pidjh iPnn 



.rronnn iirm Pj ’htt Pw romn Pnpna) td pjpjn hn un ,ipnnP ttid pou -qtt 
yrart 7 i 9 D ro pmn nwn .oPw Pj Puj minn pnpnar m pjpjn tin pthp -prrn 

7 PjraTT PU) 

TuiDnn itw on .oPuj pji Pj ’sn Pui trim niuop hoji 'j 40 P nPipiun ^Prrn 
.nPita niNmnn jin Diun .o’Pj nun '•sm Pj Puj o^unn NiunP noi ,nu9Nn 


T (N) 

0.5 

0.4 

0.3 

0.2 

0.1 

0.5 X (m) 






X (m) 






1.5 X (m) 






2 X (m) 






X 2 


1 





? V 



nnuuP ror^nn van irra DNn .x 2 = f(T) 


c pj utnui 
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8 "TOM 


"iT^n nn irmm 


.88 - 84 'mn rrrn npa 

.nnaaiain ,nni9n munn ^nrn .nsrpn Pitu ,-paN aaan ,irP :imnn aran 

.arPn am aiP9n it*it irrra /n pan rimn T?nn 
aina anva pma Tp 1 ? "ir 1 '? pp itd .arPnn hnuiti nnt?Nn amp fin ann 

t a g 6 = p ~ - larPn "sui airan ir*!! aum .Tpn an nnan amp hn mani 

ZK 



B __71 


r 

arp d 

1 i 

| D 



R 

L _ 



W- * 



.arPn am aan iiin nnn /a pan 
R pmm Nunm pa a 11 ! an maaNnn nnnn anpi ar»aa napn narn insn 
pia amn .y man^nn nnnn an mn nmpj tiuj -pa pnann hn ann .anrnnn 


.antun nup - N aura X = raa arPn am aan 



arp 


^ ^ ^^mnain 


.nnaaPina raps /a pan 
:rann naann aaan 


7 nnnn pn ram nnN nan ,nnnn pn nnun .mnm man nnaaPina aannn 

? naNun nnnnn nan ,aai nn ppn ro* pnan 
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D'nODl 


D"'*i^p- i D jnjpji 

c = MlD/n 3.0 • 10 8 __ 

e = 1.6 • 10“ 19 __ 

m e = 3"p 9.11 • 10 -31 _ 

m p = 2 " p 1.67-10" 27 _ 

h = '1ID • '116.63 ■ 10 -34 _ 


P’ia nan niTnn 
. piop’røn iuun 
. piop'PNn nun 
punan non 
p:T ?9 nap 


pnianap d^jiui immii iiii nrojon "man 


X (nm) 

ms 

»420 

*?iau 

~480 

7 ina 

~510 

j?lT 

»590 

mns 

»650 

DinD 

»700 

UMH 


n HT3U) Oipn 

minn 

1 

TIN 

1.33 

mn 


iptdt 

1.52 

mp 

1.82 

ITDIDT 


BP79 

1.48 

pujaiu 

2.4 

m^n 1 


im^n 1 


1 ev = 1.6 • KT 19 j : nTUN 
(U’Jll-piUp'JN) 

1 Mev = 10 6 ev 
u i cd man nmiu 

im 1 ?1 lm nwn ^uid 

opr? i lux ;niNn 

un l nit :mT*na 


D1UU1JN l Å = 10 _1 ° m :*piN 
TOnUJ 1 nm = 10~ 9 m 
lumip-'n 1 fj,m - 10~ e m 
11 N ruujl = 9.5 ♦ 10 15 m 

Vin l Hz = i — :mT*in 


Inmidd l ster :iramn ir 1 !! 


nnuawi l D = i — : nonnn nnnu 
m 








niKnpu 


U n lD9'ltf IPJ’XI UNil nuaui 


R = 2f 

:nxnnn mm 

ni • sin i = 112 - 

sinr :*?J0 pin 

UI + I 

f u V 

:mtm dsu yn nup 

c 

n = v 

tirraum mpn 

1 _ n2 - ni / 
f “ ni 1 

4- - ^-) :nunun nmra 
Ri R 2 

Ii2 

sin le = - 

:mnp mi 

ivi r 

H = lu! 1 

:nn;in 

i = i 0 • e-“ rf nain-iran*? pin 

II 

^1 

:nunnn nnsm 

x = r 

.'rx tun 

S • S’ = f 2 

:inrr] nmra 

E = hf 

jipruan ran 

F j- = 2 F* 

:muFii) nmun 

tanø = n 

nutrao ran 

. A + 5 
sin 2 

ira’jmm .tud 2uj nsn 

I = lo • cos 2 a 

raftn pin 

n “ . A 

sin 2 


PU9TN J-HUJ 

r 2 , = mRX 

:-pum nunn 



Nhf 

P = — ,(1 

+ p) man vn 1 ? 


trta 

D^UDIN UTUDD 


y = A • Sin ( 2 *ft + :m romiun M min = j- iitnm rauiDT nrun 


„ _ 25 

Mmai — +1 


:nran 'Jan wiwn M mfn = laiponpmn rtm n 


. . „ 2nx 

y - A ■ sin2TUt • cos-^- 


= + 1) 


i * 

L ~ n " 2 


:u’imD trrø ■’N^n M = f 2 = §? :9ipo*?un n’nan 


i = - nwn nnsiu 
w 


E = ^ = p • cosa :niNn 


n i- lUDlU19 

W = p immn ran o = y man n^iu 


B = 


I 


S • cosp 


:niTni 
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